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© Alpha-amidatlng enzyme compositions and processes for their production and use. 

© Purified enzymatic compositions are provided having aipha-amidating enzymes capable of catalyzing the 
conversion of a pepndyl compound having a C-termtnal glycine residue to a corresponding peptiayl amide 
having an ammo group in place of the C-termmal glycine. The purified compositions have specific activities 
above 25mU per mg protein and are sufficiently free of proteases to allow effective catalysis of even peptiayl 
compounds having l-amino aads. Biologically important alpha-amidated products such as calcitonin and other 
regulatory hormones are efficiently produced using the alpha-amidation reaction catalyzed by the enzymes. 
^Purification by size exclusion chromatography in combination with strong anion exchange chromatography 
^results in homogeneous enzyme species which are used to prepare antibodies specific for the aipha-amidating 
enzyme. A gene capable of expressing the aipha-amidating enzyme is ligated into an expression vector and 
J£ transformed into a host cell capable of expressing the gene. 
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ALPHA-AMIDATING ENZYME COMPOSITIONS AND PROCESSES FOR THEIR PROOUCTION AND USE 



This invention relates to alpha-amidating enzymes, the production of alpha-amidating enzymes ana treir 
use m the production of a!oha-am.datea products by action of the enzymes on giycine-extenced suostrates. 
In cenain preferred embodiments, the alpna-amidaong enzyme of the invention may be used m :ne 
s production of useful alpha-amidated hormones and products for agncuitural or medical use inducing 
calcitonins, growth hormone releasing factors, calcitonin gene-reiated peptides, and other aloha-amioated 
products. 

The intracellular processing (cleavage and/or functional group modification) of precursor forms of native 
proteins following their translation from nucleic acid ceding sequences has been clearly documented 

to In general, mammalian cells and other eukaryotes can perform certain post-translaoonal orocessing 
procedures, while prokaryotes can not. Certain prokaryotes. such as E. coli. are widely employed as nosts 
for the production of mammalian proteins via recombinant ONA (rONAl tecnnoiogy because they can oe 
readily grown in batch fermentation procedures and because they are genetically weil-charactenzed. ( 
However, many mammalian proteins produced by genetic engineering technology require some type of 

rs post-transtationai processing, and this must often be accomplished by using cpmplex. in vitro cnemicai 
procedures which are cost-prohibitive for large-scale production applications. 

One type of processing activity involves the specific amidatidn of the carooxyl-term.nal amino acio of a 
protein Many naturally-occurring hormones and peptides contain sucn a modification, whicn is onen 
essential if the protein is to be biologically active. An example is calcitonin, where the substitution of a non- 

zo amidated proline residue for the amidated proline of the native form results in a 3.000-fold reduction in 

biological activity. . . 

An agent which effects this C-terminal (alpnal amidauon recognizes a glycine- residue wn.cn imme- 
diately follows the amino acid to be amidated (fl-X-giy. where R is the main ocdy of the protem. X is the 
residue which is amidated. and "gly" is the glyane residue). The glycine is cleaved and actually donates 
25 the amino moiety to the penultimate amino aod. thereoy amidating it. 

The first authors to report an approximate molecular weignt for an aloha-am.dating enzyme -ere 
Bradbury A.F.. et al.. Nature. Vol. 298. 1982. p. 586-88. Using Seohaoex G-100 they suggested a minimum 
apparent moleculaT mass of approximately 60.000 daltons. 

Subsequent studies have suggested the molecular mass of such an enzyme to be Detween 60.000 and 
jo 70 000 daltons (as measured by gel filtration chromatography). These include Husain. I., and Tate 5.S.. \ 
FEBS Letters. Vol. 152 #2. 1983. p. 277-281: Soper. et al.. PNAS Vol. 80. 1983 p. 5144-5148: Gomez et a.. 
FEBS Letters. Vol. 167. #1. 1984. p. 160-164. and KizeT." S.. et al.. PNAS. Vol. 81. 1984. p. 3228-3232. 

Bpper et al.. PNAS. Vol. 80. 1983. p. 5l44-*8. have reported mat in addition to molecular oxygen, wo 
co-factors are "required for maximal enzyme amioauon activ.ty; these are ascorbic acid and copper (II) -on. 
as The chemical reaction resulting in the amidatidn of the carboxyi-termmus of a peotide reouires a source 
for the amino group. Bradbury. A.F.. et al.. Nature. Vol. 298. 1982. p. 686-688. demonstrated that glycine .s 
cleaved and donates me amino moiety to the penultimate ammo acid, resulting m the amioauon of tne 
latter. The requirement for glycine as the amino grouo donor has been substantiated by other authors. 

Landymore. A.E.N.. et al.. BBRC Vol. 117. #1. 1983. p. 289-293 demonstrated mat 0-a.an ine could also 
40 serve as an amino donor"iiTthe amidation reaction. Subsequent work by Kizer et al.. PNAS. vol. 81. i3B*. 
p 3228-3232 showed two distinct enzyme activities in rat brain which were caoaoie of catalyzing the aiona- 
amidating reaction. The higher molecular mass spec.es (70.000 daltons) has a specificity restneted for 
glycine at the carboxyi-termmus of the substrate. The lower molecular mass enzyme accepts a sudstrate 
with 0-alanine as the carboxyl-terminal amino acid. 
« The pH optimum for the alpha-amidating enzyme extracted and partially purified from porcine pituitary 
was reported by Bradbury A.F.. and Smythe O.G.. BBRC. Vol. n2. «. 1983. p. 372-377 to be aoorox,- 
mately 7 0. Spper. BA. et al.. PNAS. Vol. 80. 1983. p. 5144-5148. cprroborated these results by reporting 
a pH optimum of 7 for anapna-amidating enzyme which was partially purified from rat pituitanes. They aisp 
noted that enzyme activity declined rapidly at pM levels below 6.5 or above 7.5. 
so In all of the aforemenuoned publications, (incorporated herein by reference), the extracts and pania iy 
purified enzyme mixtures desenbed contain additional proteolytic enzymes capable of degrading potential 
substrates and products as well as alpna- amidating enzymes themselves, thus retarding the amidation oy 
such enzymes of peptides and polypeptides punfied from natural sources or produced by recomo.nant una 

^Broadly, all amidatidn activities prev.ously measured by others were eased uoon the conversion of 0- 
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substrates sucn as a tripeotide. 0-Tyr-VaJ-G!y-COOH to Q-Tyr-Vai-CONH 2 . Of the two possible configura- 
tions ("D* or "L"). naturaily-occurnng, biologically important amino acids occur in the *V form. However, 
use of the "0" form by these other investigators was necessitated to counteract the presence of extraneous 
proteolytic enzymes in the impure amidating enzyme preoarations usea by these researchers. These 
5 extraneous enzymes may have a pronounced proteolytic effect on L-amino acid substrate wmle having little 
affect on a D-sudstrate. The investigators, saddled with proteolytic and other impurities in their enzyme, 
used unnatural "D" substrate in order to avoid some of the effects of the impurities. No one prior hereto has 
been able to demonstrate that their enzyme preparations can efficiently amidate any physiologically 
relevant substrates, i.e.. L-substrates for conversion to biologically active alpha-amidated L-products. 
to As demonstrated herein, the preparations of this invention are capable of effectively amioating L- 
substrates and. on D-substrates. have an activity of from 60 to more than 1.000 times greater than the 
highest activity noted in any Prior Art of which applicants are aware. 

Enzymatic preparations capable of amidating the carboxyi-terminus of peptides and proteins have been 
described from a variety of sources. For instance. Bradbury . A.F.. et al.. Nature Vol. 298. 1982. p. 686-688 
j$ {the entire disclosure of which is incorporated herein oy reference ["reports an alpha-am idating enzyme 
activity to be present in porcine pituitary. The preparation of porcine pituitary containing the enzyme has the 
ability to convert peptides that terminate in a glycine to trie corresponding desgiycine peptide amide. 
Bradbury et al. acknowledges, however, that the preparations will not amidate peptides or polypeptides 
purified from natural sources: 
20 "An assay system for detecting and estimating amidating activity in pituitary was obtained by examining 
the ability of enzyme preparations to convert the synthetic tnpeptide O-tyrosyivaiylglycine to the 
corresponding dipeptide amide D-tyrosyivaiine amide ... The 0-tyrosine residue conferred staoiiity 
against degradation by aminopeondases present in tissue nomogenates Control experiments 
showed that when synthetic . . . D-tyrosylvaiine amide was mcuoated in the same conditions it was 
25 slowly degraded. Thus the formation of the dipeptide amide by the pituitary enzyme is followed by its 
destruction by other enzymes present in the pituitary extract" (page 686) 

Thus. Bradbury et al. acknowledges that the preparations descnbed contain other proteolytic enzymes 
which degrade the peptide or polypeptide and that the non-naturally occurnng D-tyrosine residue was 
30 utilized to minimize such degradation. 

Further. Bradbury et al. teaches the use of homogentzation or sub-cellular fractionation followed by gel 
filtration chromatography"!© punfy an amidating enzyme that, admittedly, remains contaminated with 
proteolytic enzymes. 

Husain. I., and Tate. S.S.. FE3S Letters. Vol. 152. #2, 1983. p. 277-281. describe an alpha-amioating 
35 activity present in bovine pituitary neurosecretory granules. 

Bpper et al.. PNAS Vol. 30. 1983. p. 5144-5148. reported an alpna-amidating enzyme activity to be 
present in the antenor, intermediate and postenor lobes of the rat pituitary gland and bovine intermediate 
pituitary. However, this reference onty teaches the utilization of synthetic 0-Tyr-Val-Gly substrate to searcn 
for aipha-amidation activity, a recognition of the impurity of the preparations produced. 
40 Gomez et al.. FEBS Letters. Vol. 167. #1, 1984, p. 160-164 determined that rat hypothalamus also 
contained anaipha-amidating enzyme activity. 

Bradbury, A.F.. Smythe. O.G.. in Peptides Structure and Function: Proceedings of the Bghth American 
Peptide Symposium: p. 249-52 (1983). Editors Hruby. V.J.. and Rich. O.H.. describe the presence of an 
aipha-amidating enzyme activity in rat thyroid glands. 
45 Mains R.E et al.. Endocnnoiogy. Vol. 114. 1984, p. 1522- 1530. reported that a murine cell line derived 
from the antenor "pituitary lobe (ATT-20) contained an aipha-amidating enzyme activity that apparently 
decreased with time in culture. 

Glands or organs known to contain amidated peptides may contain an enzyme capable of catalyzing 
the amidation reaction. For example, lower life forms such as the dog fish ( Soualus acanthias ) have been 
so reported by O'Oonohue T.L. et al.. Peptides 3. 1982. p. 353-395, to contain amidated peptides <n oituitary 
extracts. Scheiler. R.H. <*t al.. Cell Vol. 32. 1983. p. 7-22 reported the presence of amidation signal peptides 
in the manne snail Aplasia. Despite the apparent ubiquitous distribution of this activity in nature, little 
information has been published on the physicochemical characteristics of the enzyme. This may be 
attnbuted to the very low levels of enzyme present in these neuroendocrine organs. 
55 The presence of amidated peptides in a particular tissue is not necessarily synonymous with nign levels 
of aipha-amidating enzyme. For example, rat antenor pituitary tissue contains high aipha-amidating activity 
but no known substrates (Eipper at al.. PNAS 80. 5144-5148 (1983)]. Rat posterior pituitary tissue contains 
amidated peptides {oxytocin and vasopressin) but nas very little aipha-amidating activity [Eipper et at.. Endo 
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116. 2497-2504 (1985)]. Therefore, until maiviauai tissues are testea for aloha-amidating activity, the 
presence or potential levels of trie enzyme can not be anticipated. 



5 OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of this invention to provide aipha-amidating enzymatic compositions which can efficiently 
produce useful aipha-arnidated products even from substrates containing L-amino acids such as peptide or 
polypeptide substrates purified from natural sources or produced by recombinant ON A techniaues. 
to It is a further object to provide effective and cost-efficient methods for production of the enzymatic 
composition. 

It is a further object to provide monoclonal antibodies specific for aipha-amidating enzyme, and 
immobilized antibodies, purification resins, immunoaffinity columns and the like which, utilizing said 
antibodies, efficiently purify, aipha-amidating enzyme. 
15 It is a further object to provide genetically engineered host ceils capable of high-yield exoression of 
aipha-amidating enzyme. 

It is a further object of this invention to prepare aipha-arnidated products from substrates containing a 
C-terminai glycine residue by reacting me substrate in the presence of the enzyme composition. 

These and other objects will become apparent from a thorough reaaing of the oresent disclosure. In 

20 accordance with the invention, applicants provide novel aipha-amidating enzyme compositions of sufficient 
punty to exhibit a specific aipha-armaating activity of at least about 25mU per mg of protein present m said 
enzymatic composition, and preferaoly above 50 or above i50m(J/mg protein. All specific activity units set 
forth herein are based upon the conversion of 0ansyl-O-Try«Vai-Giy-CO0H to 0ansyl-O-Tyr-Vai-CONH 2 . 
One mU is defined as the amount of activity needed to convert one nanomole (nmoie) of Dansyi-O-Tyr-Val- 

25 Gly-COOH to one nmoie of Dansyi-O-Tyr-Val-CONH* per minute at 37' C and pH pH 7.0 in the presence of 
ascorbate ions at a concentration of 3mM (based on total reaction mixture including enzyme, substrate, co- 
factors, etc.), molecular oxygen in a moiar excess over substrate and a concentration of cuonc ions 
effective to maximize activity (usually about 2uM depending on the state of punty of the enzyme). 

Aipha-amidating enzymes of the invention, such as peptidyi glycine aipha-amidating monooxygenase. 

30 are capable of catalyzing the conversion of a peptidyi compound having a glycine residue at least at the C- 
terminus of a peptide chain to a corresoonding peptidyi amide compound having an amino group m place 
of the C-terminai glycine. As used herein, the term "oeotide chain" means any polypeptide having at least 
two ammo acids joined together by a peptide bond. The term "peptidyi compound" includes any compound 
having a peptide chain. The term "corresponding peotidyl amide" refers to any product of a reaction wmch 

35 substitutes an amino group in place of a C-termmal glycine of a peptide chain. 

It is preferred that the alpha-amidation reaction take place in the presence of oxygen and a reducing 
agent. Useful reducing agents include but are not limited to ascorbic acid, ascorbic acid salts, dihyorox- 
yfumarate. metallic cyanide compounds, and tetrahydroptenn. Certain co-factors have been found to aid the 
progress of the reaction and/or to retard degradation or inactivation of the enzyme. These co-factors 

40 include, but are not limited to. catalase. ethanol. potassium iodide, and cuonc ions. The punfied enzymatic 
compositions of the invention are preferably sufficiently free of proteolytic activity capable of degrading 
either the aipha-amidating enzyme or the products or reactants of the alpha-amidation reaction, so that the 
enzymatic compositions can catalyze the aipha-amidation reaction even when the substrate and product are 
comprised of L-amino acids. Proteolytic activity m the amidation reaction mixture may not directly reflect 

45 the concentration of protease. Activity, even at high protease concentrations, may be suopressed. for 
instance, by action of various inhibitors. The lack of proteolytic activity which increases the enzymatic 
composition's commercial and practical desirability for use with substrates compnsed of L-ammo acids 
does not in any way diminish the composition s attractiveness for use with substrates which do not contain 
L-amino acids. 

so As set forth further in the detailed description, applicants have purified numerous soecific protein 
species which possess substantial aipha-amidating activity. "Aipha-amidating activity" as used herein 
means any activity tending to leave only an amino group in a position previously occupied by a C-termmai 
glycine of a substrate peptidyi compound. Such a substitution may involve cleavage of all but the ammo 
group of glycine such that only an amino group remains in the position previously occupied by the entire 

55 glycine moiety. "Aipha-amidating enzyme", as used herein, refers to any composition or compound which 
exhibits aipha-amidating activity, and to active homoiogs and fragments thereof. 

Enzymatic compositions punfied in accordance with the instant invention may be punfied until 
homogeneous. As used herein, "homogeneous" refers to enzyme preparations exhibiting a single, wetl- 
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defined band following eiectropnoresis on a sodium dooecyi sulfate/ooiyacryiamide gel ana exnibiting single 
ammo acio sequence data in resoonse to common seauencmg metnods. 

Certain aloria-amidating enzymes purified to homogeneity in accordance with the instant invention have 
exhibited specific enzyme activities above about l500mU/mg protein. 

5 Enzymatic compositions preoareo in accordance with the instant invention may be used in the 
production of useful aipha-amidated peptidyl products by using the enzymatic compositions to catalyze the 
aipha-amidation of such products. A substrate is provided which is a peptidyl compound having a glycine 
residue at least at the C-termmus of a peptide chain wherein substitution of an ammo group for the C- 
terminai glycine results in the desired product The substrate is reacted, preferably m the presence of 

iq oxygen and a reducing agent, in the presence of an enzymatic composition prepared in accoraance with 
the instant invention for a time penod sufficient to convert the peptidyl compound to a corresponding 
peptidyl amide. Conversion begins substantially at first contact of substrate and enzyme but reaction 
velocity varies considerably with pH, temperature, identity of substrate, concentration of co-factors, and 
other parameters which may be adjusted in a known manner to optimize the reaction. The reaction is 

rs usually allowed to progress for a time chosen in view of the desired conversion percentage (of substrate to 
product). In preferred embodiments, co-factors such as those previously discussed, are used to aid the 
progress of the reaction and/or enhance or sustain the activity of the enzyme. 

Numerous useful products including natural hormones and the like, for which aipha-amtdation is 
preferred or necessary, may be made by reacting giycine-extended peptidyl compounds in the presence of 

20 aipha-amidating enzyme compositions in accordance with the present invention. These products which may 
be used, for instance, in agriculture or in the treatment of diseases charactenzed by hormonal deficiencies, 
include but are not limited to various calcitonins, growth hormone releasing factors, calcitonin gene-related 
peptides, and the like. Hormones referred to herein such as the foregoing calcitonins, growth hormone 
releasing factors and calcitonin gene-related peptides, include C-termmal amide protein soecies whicn 

25 display the characteristic activity of the named hormone as understood by those skilled m the an. For 
instance, calcitonin includes all species which display the regulation of calcium uptake into bone wmcn is 
charactenstic of known calcitonins. Homologs of the vanous protein species discussed herein are included 
with the definitions of the species, and any nucleotide sequences or amino acid sequences set forth herein 
are intended to include homologous sequences wherein substitutions, additions or deletions do not 

20 maienally affect the function imparted by the sequence set forth. Preferably, at least about 40%, and most 
preferably 50% of the amino adds in a peptide correspond to those set forth. With resoect to nucleotide 
sequences, codons may of course be substituted by equivalent codons coding for the same ammo acids. 

The ability of the enzyme compositions of the invention to catalyze the aipha-amidation reaction even 
on substrates compnsing l-amino acids, enables the effective and cost efficient production of these 

35 products using substrates punfied from natural sources or produced by recombinant ONA tecnniaues. 

In certain preferred embodiments, the aipha-amtdation reaction may be facilitated by immobilizing the 
enzyme on a solid support which is insoluble m aqueous media and resistant to degradation unaer reaction 
conditions, and the passing substrate over the immobilized enzyme, preferably in the presence of 
appropriate co-factors. As used herein, "immobilizing" refers to bonding enzyme to support. Supports whicn 

*o may be useful for this purpose include but are not limited to control-pore glass, or an activated absorbant 
such as cyanogen bromide-activated sepharose. Enzymes immobilized in this manner may be reusea by 
removing reaction mixture off the solid support which continues to retain enzyme for future use. 

Applicants have discovered that enzymatic compositions in accordance with the invention may be 
obtained and purified by a number of methods. It has been found that medullary thyroid carcinoma tissue. 

<s preferably derived from a rat. ceil lines thereof, and/or cell culture media from said cell lines are particularly 
desirable sources of crude aipha-amidating enzyme. Impure aipha-amidating enzyme may be purified by 
subjecting the crude composition to both size exclusion chromatography and anion exchange chromatog- 
raphy, preferably strong anion exchange chromatography. As used herein, "strong- anion exchange 
chromatography relates to anion exchange chromatography conducted on any resin that maintains a 

so constant net positive charge in the range of pH 2-12. In certain preferred embodiments of the invention, size 
exclusion chromatography precedes the strong anion exchange chromatography, and the size exclusion 
chromatography step may even be preceded by yet another anion exchange chromatograohy step. A 
second strong anion exchange chromatography step subsequent to the first steo may be desiraoie. and m 
one preferred embodiment, either the first strong anion exchange chromatography or the second strong 

55 anion exchange chromatography is conducted at a basic pH while the other is conducted at an acidic oH. 

Using enzyme species which have been substantially purified to homogeneity in accordance with the 
instant invention, monoclonal and polyclonal antibodies specific for the enzyme have been prepared by 
using purified enzyme as an antigen to elicit immune resoonse m mice and chickens, resoectiveiy. 
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Antibodies aenved in this manner from any species may oe purified ana immobilized on a solid support for 
the purpose of producing an immunoaffinity column specific for the enzyme. This column may be used for 
purification of crude enzymatic-material resulting in increased efficiency and reusability of enzyme. 

Enzyme punned in accordance with the instant invention together with tryptic fragments thereof have 

5 been sequenced by known methods and sequence data has been used for the preparation of 
oligonucleotide probes. Using labeled oiigonucteoude probes produced in this manner, aoplicants have 
isolated a gene coding for an aipha-amidating enzyme from a cONA library synthesized from polyA RNA 
derived from rat medullary thyroid carcinoma tissue. The gene, which is more particularly cnaractenzed in 
the detailed descnption portion of this application, may be ligated into an appropriate exoression vector, and 

to transformed into any host cell capable of expressing the gene. Appropnate hosts inciuae but are not limited 
to E coli. yeast strains such as S. cerevisiae. or higher eukaryotic cells such as the ceil line from which the 
enzyme" was originally punfiedrCommercial mass production can be expected to oe facilitated by a 
microorganism genetically engineered as set forth above to express large quantities of alpha-amidaong 
enzyme. 

15 Commercial mass production of the enzymes from natural sources may be facilitated by purification 
methods compnsing both size exclusion chromatography and anion exchange chromatography wherein 
enzymatic species retained by the anion exchange chromatography column are eiuted using a saline 
solution having a concentration above about 250mM and preferably as high as 350mM or SOOmM. At high 
saline concentrations, most retained enzyme species will be eiuted. Size exclusion chromatography should 

20 be designed to isolate species with an apparent molecular weight between about 58,000 ana 67.000 daltons 
and preferably between about 60.000 and 65.000 daltons. The purified preparation is capable of amidating a 
peptidyi compound which has been punfied from natural sources or produced by recombinant 0NA 
techniques, i.e. peptides comprised of L-amino acids. 
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BRIEF DESCRIPTION OF THE FIGURES 



Figs. I - Fig. V relate to Example 1 and are explained therein. 
Figs. VI - XII relate to Example 2 and are explained therein. 
30 Figs. XIII - XVI relate to Example 3 and are explained therein. 

Figs. XVII - XXI relate to Example 4 and are explained therein. 
Fig. XXII relates to Example 10 and is explained therein. 
Fig. XXIII relates to Example 6 and is explained therein. 



0ETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS 

It has now been discovered that homogeneous alpha-amidating enzyme can be obtained througn a 
multi-step procedure employing a combination of size exclusion and »on exchange chromatography rrom 
solid tumor tissue extracts, tumor ceiHines. and the tissue culture medium from such ceil lines. 

The enzyme has been extracted from rat medullary thyroid carcinomas fMTCs"} developed <n 
WAG'Rij Wistar rats as descnbed by Roos. 8A. et al.. Endocnnology. 1979. Vol. ISO. #1. p. 27-32. This 
tissue has been deposited as IVM0028. The enzymelias also been extracted from otner sources, notably 
human and rat medullary thyroid carcinoma cell lines. Rat cell line CCA-77-) was aenved from rat 
medullary thyroid carcinoma tumors by serial passages as described by Muszynski. M. et al.. JSC 1983. 
Vol 258 pp 11678-83. This cell line has been deposited as I VI- 10029. A human cell line ("HTT 54(34) ) 
was developed by BA Roos at the VA Medical Center in Cleveland. Ohio using human medullary thyroid 
carcinoma cells for the pnmary culture. The human ceil line HTT 54(34) has been deoosited as IVM0031. 
(See "Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure- evidencing 
these deposits and -Budapest Notification- No. 34. dated November 3. 1983. the entire disclosures of 
which are incorporated herein by reference). 

Defined tissue culture media from both the human and rat cell lines have been demonstrated to contain 
significant levels of alpha-amidating enzyme activity, indicating that a portion of the enzyme is secreted 
from the cells. The enzyme may be obtained and purified by preferably first subjecting the crude material 
(including spent culture media, enzyme and impurities) to anion exchange chromatography. The sample, for 
example, can be bulk-loaded on a preparative scale anion exchanger such as a diethyl ammo etnyi 
(-OEAE-) cartridge such as CUNO 250 available from CUNO Corp. 

The alpha-amidating activity-containing composition eiuted from the cartndge «s then subjected to size 
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exclusion chromatograpny on a resin of aopropnate resolving caoaoiiities. for example a Seohacryi S-200 



'•'.Vr-^^-v The activity-containing eluant fraction is men subjected to ion excnange cnromatograony using a strong 



superfine column whicn is availaote from Pharmacia Fine Chemicals 



anion excnange matnx. A resin which may be used is the Mono Q HR5/5 strong anion excnange resin from 
s Pharmacia Fine Chemicals ana one or more passes on the column may be reauirea for homogeneous 
purification of the enzyme. The Mono Q HR5/5 Column nas a panicle size of tOum. void volumes of 40% 
and a gel whose charged group is CHz-f^MCHsb ana whose ionic capacity is 0.28 to 0.36 mmoles/mi. 

Eacn purification step can be monitored for both protein content ana the <evel of atoha-amidation 
activity. This information is used to calculate the specific activity of the enzyme which serves as an 
to indicator of the relative purity of the enzyme. 

Peptidyl-glycine aipha-amidating monooxygenase purified in accordance with the present invention 
(deposited rat derived enzyme, IVM0032: deposited human derived enzyme. 1VM0033) has an apoarent 
molecular mass of about 60.000 to 65.000 daitcns, as determined by gel filtration. 

The enzyme has been purified such that it exhibits a specific enzymatic acflvity of at least approxi- 
i$ mately 25mll per mg protein and preferably at least approximately SO mU/mg protein. Specific activity 
above about lSOmll per mg protein is especially preferred. Alpha amidating enzyme nas also oeen punfiea 
V so as to exhibit a single, homogeneous, well-defined band following electrophoresis on sodium doaecyi 

surfate/poiyacryiamide gels (SOS-PAGE). 

The punfied peptidyl- glycine aipha-amidating monooxygenase is used to amidate the aipna-carooxyi 
20 group of a polypeptide having a terminal glycine residue, where the glycine functions as an amino group 
donor. The substrate peptide or polypeptide can be punfied from natural sources, syntnesizea from its 
component amino acids, or produced by recomoinant DNA techniques. The glyane-terminating polypeptide 
is combined with oxygen in the presence of an effective amount of the enzyme. The amount of the enzyme 
required depends on several vanaoles well known to this art including particularly, but not limited to. the 
25 following: the specific activity of a given enzyme preparation, the amount ana chemical nature of the 
substrate to be converted, the time within whicn conversion is to take place and the temperature and pH of 
the reaction mixture. Those skilled in this an will recognize other vanaoles that may influence the precise 
amount of enzyme required in a given situation. The oxygen is usually present in a molar excess in the 
reaction relative to the substrate concentration. A desired concentration of copper ions may be crowded by 
30 any copper salt whose anion does not adversely affect the reaction. With enzyme having a specific 
enzymatic activity of only about imU/mg protein, maximum alpha-amidation occurs with a relatively high 
concentration of about 4uM cupnc ions. As the purity of the enzyme is increased, the concentration 
( requirements for the exogenous cupnc ion diminishes. The enzymatic activity can also be enhanced by the 

presence of ascorfiate ions which can be provided by any ascorbic acid salt, as long as the .canon of the 
as salt does not adversely effect the reaction. For purified enzyme having a soecific enzymatic activity of 
approximately 50 mU^mg protein, maximal activity of the alpha-amidation occurs at aoout 5mM ascoroate. 
Alpha- amidaton activity may be increased by the addition of catalase. The optimum pH for conversion of 
biologically relevant substrate to amidated products is between 6.5 and 7.5. 

Monoclonal and polyclonal antibodies directed against the enzyme have been obtained using homo- 
40 geneous enzyme as an antigen to produce an immune response in mice and cnicxens. respectively. Both 
monoclonal and polyclonal antibodies have been prepared and purified by applicants as set forth m 
Example 8. Inventories of antibodies specific for aipha-amidating enzyme are being maintained in ap- 
plicants' laboratones. 

Antibodies may be immobilized on a solid matnx which is not soluble in the media m which it is to be 
45 used. Preferably, the matrix is one resistant to degradation. The matrix is provided with a functional group 
capable of binding proteins wherein the functional groups are then covaiently bound to antibooies. Such 
immobilization of antibodies will facilitate the isolation of the a-amidating enzyme from natural and/or 
recombinant sources. This is accomplished by mixing the immobilized antibodies with crude preparations of 
the enzyme. The antibodies will specifically bind the a-amidating enzyme molecules. Contaminating 
so proteins will not bind to the antibodies and are easily removed by elution or gentle centrifugation. After 
removal of contaminants, the o-amidating enzyme can be removed from the immobilized antibodies by 
changes in ionic strength or pH. or by addition of chaotropic ions {-Affinity Chromatography: Principles and 
Methods, Manual. Pharmacia Fine Chemicals. Uppsala. Sweden) and recovered m a highly-purified form. 
The enzyme has also been sufficiently purified to permit its amino acid sequence to be aetermined. 
55 This information was utilized to isolate nucleic acid coding for the enzyme. 

Subsequent incorporation into an appropriate unicellular organism or host ceil isolated from a multicel- 
lular organism is accomplished by standard recombinant DNA procedures, such as found m Maniatis. et al.. 
Molecular Cloning: A Laboratory Manual. Cold Spring Haroor, 1982: or Wu. R.. ed.. Methoas m En- 
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zymoiogy. Vol. 68. Academic Press. 1979. incorporated herein by reference. The resulting ceils containing 
the heterologous ONA coding for alpha-amidating enzyme allows the production of sufficient auantities of 
the enzyme in order to perform in vitro post-transiationai aioha-amidation ana theoretically permits these 
cells to perform this modification oTa peptide or polypeptide in vivo . 
5 Althougn the present invention is being described in connection with preferred embodiments thereof, 
many variations and modifications will become apparent to those skilled in the an. Preferred emoodiments 
of the invention are further illustrated by the following examoies. 

to EXAMPLE i 



Procedure for the Purification of Aloha-Amidating Enzyme Preparation from MTC Tumors 
ts — — — — — - 

Frozen rat MTC tumors were pulverized into tiny fragments and homogenized in i50mM Tris pH 7.5. 
containing 250mM sucrose, 0.25% N-aceryl giucooyranosioe. 0.1 mM PMSF. 20 ag/mi pepstaon and 100 
ug/mi soybean trypsin inhibitor. Typicaily, 25 grams of tumor tissue were homogenized in 200 ml of the 

20 above buffer on ice. Homogenization was achieved by four bursts of 20 seconds eacn using a Polytron 
homogenizer (Brinkman) at a setting of 7. The homogenate was centnfuged for 15 minutes at 9.000 xgma 
JA-20 rotor (Beckman) and the supernatant (Sup.1) decanted. The pellet was re-homogenized m 60 ml of 
the homogenization buffer for 3 bursts of 20 seconds each at a setting of 7. This second homogenate was 
similarly centnfuged for 15 minutes at 9.000 x g. The supernatant from this centrifugation (Suo.2). was 

25 combined with Sup.1. The combined Sup.1 and Suo.2 were then centnfuged for 30 minutes at 100.000 x g 
in an SW28 rotor (Beckman) at 4*C. To the clarified homogenate (Sup.3) sufficient ammonium sulfate 
crystals were added to make the solution 25 percent in ammonium sulfate. Addition of the crystals was 
done gradually over a 15 minute period with constant stirring of the homogenate at 4* C. After a further 30 
minutes of stirring at 4*C, the mixture was centnfuged for 15, minutes at 27,000 xgma JA«20 rotor 

30 (Beckman) at 4*C. The supernatant was decanted and further ammonium sulfate was added to the 
supernatant to make the solution 40 percent in ammonium sulfate. After a further 30 minutes of stirnng. the 
mixture was again centnfuged 15 minutes at 27.000 x g as above. The suoernatant from this centrifugation 
was discarded and the pellet, which contained at least 50 percent of the total enzyme activity in the 
homogenate. was resuspended in 50mM Tris HCI pH 7.0 to form the Sample. The activity was 8.2 mU/mg 

35 protein. 



Sephacry I S-300 Gel Filtration Size Exclusion Chromatography 

*o 

Sephacryl S-300 (Pharmacia) was equilibrated in 50mM Tris HCI pH 7.0 and poured into a K 50.100 
column (Pharmacia) according to the manufacturer's instructions. The bed volume of the column was 
approximately i .3 liters. The Sample was loaded onto the column in a volume representing approximately 3 
percent of the bed volume of the column. Proteins were eiuted from the column in 50mM Tris HCI pH 7.0 at 
45 a flow rate of approximately 2 mi per minute. Fractions of 10 ml were collected and assayed for aiona- 
amidating enzyme activity using the Oansyl-O-Tyr-Val-Gly substrate. The enzyme eiuted from the column m 
a single peak of activity as shown in Figure I with a molecular mass of 60.000 to 65.000 daltons. The 
activity was at least 50mU/mg protein. 

50 

Mono Q Chromatography at pH 6.0 - Strong Anion Exchange Chromatography 

Fractions from the Sephacryl S-300 column containing the maximum enzyme activity were pooled and 
55 dialyzed against 4 liters of 20mM bis-Tris pH 6.0 buffer. The pool was then loaded onto a Mono Q HR 5/5 
column (Pharmacia) which had been pretreated according to the manufacturer's instructions and eouiii- 
brated in 20mM bis-Tris pH 6.0. After the proteins not binding to the column were collected in the column 
eluant (flow through), the bound proteins were eiuted with a linear salt gradient of 0 to 300mM NaCI m 
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20mM bis- Tris pri 6.0. The column was run at a flow rate of 0.5 ml per minute ana fractions of 2 ml eacn 
were collected. The solution of proteins eluting from the Mono Q column at pH 6.0 was immediately 
neutralized by collection into tubes containing 200 ul eacn of 1.0M Tris oH 7.0. Fractions were assayed for 
aipha-amidating enzyme activity as before ana a peak of activity was observea which eluted from the 
5 column at aoproximatety 160 mM NaC! (FIGURE II). The activity was i61mU/mg protein. 



Mono Q Chromatography at pH 3.0 

10 

Fractions containing the peak aipha-amidating enzyme activity from the Mono Q chromatograpny at pH 
6.0 were dialyzed against two changes of 4 liters each of 50mM Tris HC! pH 3.0. The enzyme was then 
loaded onto a Mono Q HR S5 column (Pharmacia) equilibrated with SOmM Tris HC! pH 8.0. Proteins were 
eluted with a salt gradient of 0-300mM NaCI in SOmM Tris HCI pH 8.0. A flow rate of 0.5 ml oer minute was 
r5 used and 2 ml fractions were collected. Each fraction was neutralized by addition of 200 ul of 1.0M Tris pH 
7.0 in each of the collection tubes. Two distinct peaks of enzyme activity were seen, eluting at i90mM NaC! 
and 220mM NaCI. respectively (FIGURE III). The activities were at least 80mU/mg protein and 400mU/mg 
protein respectively. 

20 

Gel Sectroonoresis of the Enzyme Peak Fraction from the Mono Q at pH SJd Chromatograpny 



25 



An aliauot of the enzyme peak fraction eluting at 220mM NaCI having an activity of 408mU/mg protein 
was loaded onto a 10% SDS-polyacrylamide gel after neat denaturation in a buffer containing SOS and 8- 
mercaptoethanol (FIGURE IV). A single band was observed from me fraction eluting at 220mM NaCJ. The 
apparent molecular mass of this band is approximately 73.000-75.000 daltons. 



30 Venfication of the Identity of the 73.000-75.000 Dalton Band as the Aloha-Amigaong Enzyme 

From additional aipha-amidating enzyme preparation purified using cntena identical to those described 
above, aiiauots were used for electrophoresis on a non-denaturing 10% acryiamiae gel. 50 ul aliauots were 

35 loaded onto eacn of two lanes. After electrophoresis, the orotem m one of the lanes was visualized using the 
silver staining techmpue. From the second lane stnps of 3mm eacn were cut and each stnp incuoated m 
one well of a microtiter plate. To eacn well. 100 ul of a mixture containing the Oansyi substrate, cataiase. 
ascorbic acid and 150 mM Tris pH 7.0, was aadea. incubation was done for 1 6 hours at 37 C with constant 
shaking. Aiiquots from each well were then analyzed for the conversion of substrate to the amidated 

40 product. Enzymatic activity was found in two gel slices. The activity comigrated with an intensely-staining 
protein band in the corresponding stained gel lane (FIGURE V). 



EXAMPLE 2 

45 



50 



Procedures for the Production of Recombinant Human Calcitonin 



Human calcitonin is a 32-amino acid peptide hormone possessing an amidated prolyl residue at its 
carPoxyl terminus. A microorganism was genetically engineered to produce a recombinant fusion protein 
which contained the amino acid sequence corresponding to human calcitonin. The fusion protein gene was 
designed so that the human calcitonin sequence was bracketed by an arginyl residue on its ammo terminus 
55 and its cardoxyl terminus by a glycyl residue which also terminated the recombinant fusion protein (see 
FIGURE VII). Following ligation of the human calcitonin gene into a plasmid to form the appropriate fusion 
plasmid. a microorganism was transformed with this plasmid and expression of the fusion was obtained (see 
FIGURE VI). This human calcitonin-containmg protein was isolated from lysates of the recombinant 
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microorganisms by precipitation. The cysteinyl residues were then converted to S-sulfonates and the lysyi 
residues reversibiy blocked by reaction with citraconic annyonde. Since human calcitonin does not contain 
arginine, tryptic digestion of the recombinant fusion protein generated a peptide containing the human 
calcitonin sequence with a carboxyl-terminal glycine extension. This peptide was isolated by either reverse- 

5 phase HPLC (see RGURE VIII) or ion-exchange chromatography ana its structure established by ammo 
acid and microsequence analysis. 

The glycyi residue of the peptide was removed and the penultimate prolyl residue converted to 
prolinamide by the action of the alpha-amidating enzyme preparation of this invention. An example of the 
conditions employed for the semi-preparative scale alpha-amidation of this peptide is as follows: The 

iq lyophiiized peptide (200-300 nanomoles) (substrate) was dissolved in 200ul of tSOmM Tris-HCI buffer. pH 
7. containing approximately 750uU of aJpha-amidating enzyme preparation. The enzyme was derived from 
either rat MTC tissue or spent tissue culture media from the rat MTC CA-77 cell line. The enzyme was 
purified to an extent so that ail proteolytic activity was removed. This was accomplished by a combination 
of ion-exchange and size-exclusion chromatography (see aforedescribed procedure). Pure, homogeneous 

js enzyme is not a requirement Ascorbic acid and copper sulfate were then added to this mixture in sufficient 
amounts to yield final concentrations of approximately 3mM and 2uM, respectively. The resulting solution 
was mixed and incubated at 37* C for 5-6 hours. Typical conversion percentages of the substrate to product 
are 70-90%. Following removal of the S-sulfonate groups, the recombinant human calcitonin (rhCT) was 
purified by reverse-phase HPLC (see FIGURE IX). The final product was charactenzed by its retention on 

20 reverse-phase HPLC (see RGURE X), quantitative tryptic maopmg (see FIGURE XI). amino acid analysis 
(see TABLE 1). and by its biological activity (see RGURE XII). In ail instances, the recomoinant human 
calcitonin was indistinguishable from synthetic human calcitonin. 

The foregoing demonstrates that the preparations of this invention are caoable of amidating a 
physiologically relevant substrate, e.g. human calcitonin, produced by recombinant ON A techniques, i.e. 

25 containing only "L" amino acids. 

COMPARATIVE EXAMPLES 
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Comoanson of Claimed Preoaration Activity to Prior Art 



Comoanson of assay systems for determining specific activity of the claimed preparations 

Several activity assay systems have been employed in the prior art. Most of the work cited as prior art 
has employed an assay based on the conversion of O-Try-Vai-Gly to O-Tyr-Vai-amide. This assay is 
quantitated by the use of a radiolabeled tracer (^l-O-Tyr-Vai-Gly) which is mixed with an excess of non- 
labeied matenai (D-Tyr-Vai-Gly). Measunng conversion of the labeled tracer allows extrapolation to the 
unlabeled matenai and this in turn permits a calculation of activity. 

While this assay has been used by Applicants, the activity determinations of the claimed preparations 
are based on a direct measurement of the conversion of Dansyl-Tyr-Val-Gly to Dansyt-Tyr-Val-amide. 

In order to allow a meaningful companson of the specific activity of preparations in the prior art to that 
of the claimed preparations of this invention, expenments were performed to compare the assay systems. 

The experimental protocols are summarized: 



I. Monodansyl L-Tyr-Vai-Gly 

Alpha-amidaong enzyme preparation isolated from rat medullary thyroid carcinoma tumors, and from 
tissue culture media collected from CA-77 cells was used as the enzyme source m these experiments. The 
concentration of enzyme used in all expenments was left constant except where noted. 

The reaction mixture for the conversion of the monodansyl substitute contained: 
5 ui of enzyme 
5 ui of 30 mM ascorbate 
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S al of 20 uM CuSOi 

5 al of 100 ag/mL bovine pancreatic cataiase 
S al containing 2 nmoies of substrate 
25ulof 180mM TES pH 7.0 

The samples were prepared in duplicate ana incubated at 37* C tor 10. 20 and 30 minutes time 
penods. The enzymatic reaction was halted by the addition of 10 oJ 500 mM EDTA. Substrate and product 
were separated by HP HPLC using an Hewlett Packard-1090 liquid chromatograony system, and quan- 
titation was achieved using a HP-3392 integrator. The conversion of monodansyi L-Tyr-VaJ-Gly to the alpha 
amidated product was demonstrated to be linear with respect to time. 



II. 125 1 D-Tyr-Val-Gly 

O-Tyr-Vai-Qly and D-Tyr-Vai-NH? were iodinated using iodobeaas from Pierce Chemical Comoany. The 
rs radiolabeled substrate and product were used to calibrate a suifyl-prooyl cation-exchange column. :s t D- 

Tyr-Val-Gly was added to 650 aM D-Tyr-Vai-Gly and used as the suostrate. The reaction mixture for the 

conversion of monodansyi substrate contained: 

5 al enzyme 

5 al ascoroate (30 mM) 
20 5 al 100 ag/mL cataiase 

S al 20 aM CuSCU 

5 al of substrate. 650 aM final cone. 

25 al of 150 mM TES pH 7.0 

Samples were incubated for 10. 20. 30 minutes at 37* C. The reaction was stopped by aaoition of 
25 500mM EDTA. The entire sample was diluted with lOmM sodium pnosphate Puffer pH 5.2 ana aopnea to a 

suifyl propyl cation-exchange column. Substrate does not bind to the column: the amidated product was 

eluted with SOOmM NaCI. The conversion of radiolabeled suostrate to product was linear with resoect to 

time. 



20 



35 



III D-Tyr-VaH3ly 

The reaction conditions used for the amidation of D-Tyr-Val-Gly are identical to those desenbed for the 
dansyi and iodinated substrates. Substrate concentration in the reaction mixture was 650 uM. Seoaration of 
substrate and product >s acmeved by gradient eiution on RP-HPLC using a HP-1090 liquid chromatography 
system. The column effluents were monitored at 280 nm. The level of sensitivity for this assay is mucn 
lower than that for either dansyi or iodinated substrates. To accommodate this lower level of sensitivity 
atpha-amidation reactions were performed for longer penods of time, and/or with increased amounts of 
alpha-amidating enzyme. 

Analysis of the data for fractional conversion of : *l-O.Tyr-Val-Gly to l-O-Tyr-Val-amide and ^Y 1 " 
Tyr-Val-Gly to dansyl-Tyr-Val-amide demonstrates that at each time point approximately 1.55 times more 
iodinated substrate than dansyi substrate was converted. Thus, when comparing the assay system of the 
prior art with the assay system used by Applicant, a conversion factor of approximately 1.5 times the 
activity determined by the dansyl-substrate method (Aopiicams') must be employed. 

Furthermore, a somewhat more rigorous kinetic analysis has also been employed to comoare the 
dansyl-Tyr-Val-Gly (Applicants') assay to the D-Tyr-Vai-Gly (prior art) assay. This analysis indicates: 



so 



55 



Substrate 


Km 


Vmax 


0-Tyr-VaJ-Gly (Prior Art) 
Dansyl-Tyr-Val-Gly (Applicants') 


37 

1.7 


31 
21 



As can be seen by comparing the maximal velocity (Vmax = pmol productmin-ai) for the two substrates, 
the D-Tyr-Vai-Gly (Pnor Art) gives approximately 1.48 times as much activ.ty as the dansyl-Tyr-Val-Gly 
(Applicants'). This agrees with and confirms the findings stated above. 
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Comparison of Activity 



Spper et at. (PNAS) discloses at page 5147. rig. 4 a Vmax of 39 picomoies per microgram per nour. 

s This is equivalent to a specific activity of 0.65mU/mg protein per minute. This is the hignest activity 
reoorted in any of the cited prior art. Oividing tnis by the aforedescnbea conversion factor of 1.5. a specific 
activity of 0.4mU/mg protein per minute is derived. This vaiue can now- be directly compared to :he 
aforedescribed specific activities achieved by applicants. Applicants, as indicated previously, have achieved 
activities of at least 25mU/mg protein and greater than i500mU/mg protein. Applicants have thus acnieved 

to activity from 60 to greater than 3.750 times Epper's (PNAS) reported activity. 



EXAMPLE 3 

'5 



Purification and Characterization of Alpha-Amidating Enzymes from Rat MTC Tumor 



20 Frozen rat MTC tissue was pulverized into tiny fragments and homogenized m an aaueous Puffer using 
a Poiytron homogenizes After low speed centnfugation. the suoernatant was saved and the peilet was re- 
extracted with fresn buffer. This second homogenate was again subjected to low speed centnfugation. and 
this supernatant combined with the first one. The two pooled supernatants were then clarified by nigh speed 
centnfugation and the high speed suoernatant was used as the starting material for purification of me 

25 enzyme. 

Ammonium sulfate fractionation of the hign speed supernatant was performed. The majority of :he 
enzyme activity was .found to precipitate in the 26-40% ammonium sulfate fraction and the pellet from tnis 
fraction was purified further as below. 

Size exclusion chromatography was performed on a Sephacryi S-300 column, in Example 1 herein, ail 

30 the enzyme eluted oft this column in a single peak of activity. In this Example, the column lengtn was 
increased and the flow rate of the column reduced. Under these new elution conditions, a major peak of 
activity was seen (as in Example 1) followed by a minor trailing peak that may correspond to a lower 
molecular weight form of the enzyme. It is unclear at this point whether the low molecular weignt form of 
the enzyme exists in vivo, or is produced by partial proteolytic digestion during the extraction and 

35 purification procedures. 

The major peak of activity from the S-300 column was pooled chromatogracned on a Mono Q column 
at pH 6.0. A larger, preparative size column was employed in this Example than m Example I (the Mono Q 
HR 10/10). which was eluted using a less steep linear salt gradient. As a result of these changes, four peaks 
of alpha-amidating enzyme activity were detected at this stage, eluting at i60mM. 200mM. 220mM ano 

40 240mM NaCI. (Peaks I. II. Ill and IV. respectively) Figure XIII. This indicates that there are multiple forms of 
the enzyme and that these forms have a charge heterogeneity. Furthermore, poiyacryiamide gel analysis of 
the proteins in the enzyme activity peaks indicates that peaks II. Ill and IV contain alpha-am idating enzyme 
of approximately me same molecular weight (i.e. 73.000-75.000 daitons). whereas peak I had a different, 
probably smaller, molecular weight enzyme. The activity in peak HI was purified to homogeneity as follows: 

45 The peak 111 enzyme was pooled and chromatographed on a Mono Q HR 10/10 column at pH 3.0 
(Figure XIV). The enzyme eluted from this column as a single peak at 250mM NaCI and gel analysis 
revealed that the enzyme was purified to homogeneity (Figure XVa. lane 6). The following characterization 
expenments were performed on the peak III punfied enzyme. 

1. The molecular weight of the peak III enzyme was determined by 7% poiyacryiamide gel analysis 
so to be about 75.000 daitons (Ftgure XVb). 

2. The optimum pH for the activity of the enzyme was determined to be pH 5.0-5.5 using N dansyi 
Tyr-Val-Gly as the substrate (Fgure XVI). However, due to the enhanced stability of the enzyme at neutral 
pH, it may be beneficial to carry out the amidation reaction at such pH. 

3. It was determined that the amount of copper reauired as a co-factor for enzyme activity was 
ss inversely proportional to the purity of the enzyme. The enzyme purified to homogeneity reouired 0.1 uM or 

less Cu ♦ + for maximal activity, whereas crude preparations of the enzyme reduire 2uM Cu * * 

4. The iso-eiectnc point (pi) of the'enzyme was 4.8. 
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5. The specific activity of the homogeneous peak ill enzyme was 2.l00mU/mg protein. 

The peak H enzyme was also purified to homogeneity. However, with this enzyme, it was found that 
Mono Q chromatography at pH 8.0 was insufficient to obtain a homogeneous preparation. Therefore the 
5 pool of peak II enzyme from the Mono Q column, pH 6.0 (Figure XIII) was dialyzed against 1M Tris pH 7.0 
and loaded onto a phenyl sepharose column equilibrated with the same buffer. The majority of the 
contaminating protein species were recovered in the flow througn of the column, and the amidatmg enzyme 
which eluted at a later stage, was substantially purified. Further punfication of the poolea enzyme from the 
phenyl sepharose column on a Mono Q HR 10/10 pH 8.0 column resulted in a homogeneous preparation of 
w the peak U enzyme eiuting from the column at or above 220mM NaCI. 
Characterization of the peak II enzyme revealed that 
1. The molecular weight of the peak II enzyme by 7% poiyacrylamide gel electrophoresis was about 
73.000-75,000 dattons. Thus, the peak II and peak III enzymes were indistinguishable by companson of thetr 
molecular mass. 

15 2. The optimum pH for the activity of the peak II enzyme was pH 5.0-5.5. Again, this characteristic of 

the peak II enzyme is the same as that for the peak ill enzyme. 

3. The iso-electric point (pi) of the peak II enzyme was approximately 5.3. 
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EXAMPLE 4 



25 Purification and Characterization of the Aloha- Am idating Enzyme Derived from CA-7 

Ceil Tissue Culture Media 



A rat medullary thyroid carcinoma cell line. CA-77, was grown as a monolayer culture in tSOcrm i- 

30 flasks (Coming) at 8%C02. The culture was maintained in defined medium consisting of Oulbecco's 
Modified Eagle Medium: F-10 (1:1). 3.7g/liter of NaHCOj. 5ug/ml of transfemn. lOng/mi insulin. 30nM 
selenium, and 4ug/ml of gentamycin sulfate. The cultures grown in this manuals could be maintained 
indefinitely if the medium was changed every 48 hours. To increase the stock supply of cells, they were 
subcultured and grown in medium containing serum (5% horse and 2.5% fetal calf serum) for three aays. 

35 The cells were then washed twice with phosphate buffered saline and replenished with defined medium. 

Tissue culture media was asepticaliy collected on a 48-hour scheaule and stored at -20 * C until purified. 
The tissue culture media (routinely 6 liters) was diluted with 2 liters of deiomzed water (3:1) and applied at a 
flow rate of 50 ml/min to a DEAE weak anion exchange canndge (Cuno #250) that had been previously 
equilibrated with 1.0 liter of 20mM bis Tris:HCI pH 6.0 at 4* C. The alpha-amidating enzyme ("alpha-AE") 

40 was eluted from the cartridge in a stepwise fashion with 50mM Tris HC1 pH 7.0 containing 500mM NaCI at a 
flow rate of approximately 50 ml/min. The fractions containing alpha-AE activity (specific activity 10-15. 
mU/mg) from two anion exchange prepara tions were pooled and concentrated 4- to 5-foid under reduced 
pressure using the Savant RH-1 00 prep rotor. 

This material was applied directly to a 5 x 50 cm column containing Sephacryl 300-SF (Pharmacia). 

45 The mobile phase was lOOmM Tris:HCI pH 7.0 with a flow rate of 1.0 ml/min. All gel filtration chromatog- 
raphy was also performed at 4' C (Fig. XVII). 

The amidating enzyme preparation at this stage of purification is free of nonspecific proteolytic activity 
and has an activity of at least 50mU/mg protein. The amidating enzyme preparation from this step has oeen 
used successfully for the amidation of recombinant gly-extended human calcitonin and growth hormone 

50 releasing factor. Starting with a cell density of 1-1.5 x 10< cells/mL (from T-flasks) we have routinely 
obtained a yield of 20f>350mU of amidating enzyme activity/liter of spent media following these two 
purification steps. The enzyme is stable and appropriate for use in solution or after immobilization to a solid 
support. 

Column fractions containing aloha-AE activity were pooled then diaiyzed versus 5 liters of 20mM bis 
55 Tris:HC! pH 6.0. The enzyme was applied to a Mono Q HR 10/10 strong anion-exchange column 
(Pharmacia) previously equilibrated with 20mM bis Tris:HCi pH 6.0. The enzyme was eluted from the 
column using a linear gradient of 0-300mM NaCI over a three-hour period at a flow rate of 2.5 ml/min. Four 
chromatographically-distinct forms of alpha-amidating enzyme activity were resolved dunng this purification 
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step. The peaks were numbered in elution oraer from me column (Fig. XVIII). Peaks III ana IV represent 
higher molecular weight forms of the enzyme ana corresoona to peaks il and III aenvea from MTC tumors. 
Peaks I and II represent lower molecular weignt forms of the enzyme that may represent proteolytic 
fragments of peak III and IV. 

s The four forms of the aipha-amidating enzyme identified in our laboratory differ from each other in their 
net surface charge as evidenced by their diffenng retention times during strong anion exchange chromatog- 
raphy (fig. XVIII). The pH optimum for these four cnromatographically-distinct forms of the enzyme also 
differ. The results in Fg. XIX demonstrate that peaks ill and IV have an identical pH optimum between pH 
5.0 and 5.5. These results agree with the pH optimum determined for peaks II and III purified from MTC 

to tumor. Peaks I and II have a much broader pH activity range with an optimum between pH 5 and 8.5 (Rg. 
XIX). These results are in close agreement to the pH optima reported by Bpper et Peptides. Vol. 4, pp 
921-28 (1983) and Murthy et al., J. Biol Chem. Vol. 261 . pp 181 5-22 (1986). 

Radiolabelling of enzymelrom peaks H and IV with Na ,2S l, followed by SDS-PAGE. confirmed that the 
peak IV enzyme activity had an approximate molecular mass of 73-75 kOal. whereas the peak II enzyme 

rs activity was below 55kO. The exact molecular weight is unknown for the Peak II enzyme because it was not 

purified to homogeneity (several protein bands are evident in the 45-55 kDai range}. f 

Peak III and IV enzyme can be purified to homogeneity using a combination of hydrophobic interactive 
chromatography and strong anion-exchange chromatography at pH 8.0. Peak IV enzyme (Fg. XVIII) activity 
was pooled, concentrated to approximately 2 ml in vacuo and directly applied to a 1.3 x 8 cm column of 

20 phenyl sepharose (Pharmacia) eduiiibrated with SOOmM TrisrHCl pH 7.0. Fractions containing aipha-AE 
activity were eluted with equilibration buffer at a flow rate of 0.5mi/min (Fg. XX). The peak fractions 
containing aipha-amidating activity were pooled, diaiyzed versus 50mM TrisrHCi pH 8.0. then applied to a 
Mono Q HR 10/10 column equilibrated with SOmM Tris:HC! pH 8.0. The enzyme was eluted from the 
column using a linear gradient of 0-300mM Nad over a three hour period at a flow rate of 2.0mt/min (Fig. 

25 XXI). Fractions containing alpha-AE activity eluted at or above about 240mM were pooled, adjusted to 
0.001% (v/v) in Triton X-100 and stored at 4* C. The specific activity of the purified enzyme was determined 
to be approximately tSOOmU/mg protein at pH 7.0. Peak ill alpha-AE activity was purified to homogeneity 
using identical procedures to those described for peak IV. 

The physicochemical charactenstics of tumor peak (from Example 3) and tissue culture peak IV (from 

30 Example 4) including molecular mass (73.000-75.000 daitons), pH optimum (5.0-5.5), ammo terminal 
sequence, and elution position (greater than about 240mM sodium chlonde from strong anion exchange 
chromatography performed at pH 8.0) demonstrate that these two peaks may represent the same enzyme. 

35 EXAMPLE 5 



Aloha-Amidation of Biologically-Relevant Peptide Hormones Using the Alpha-Amidating Enzyme 

40 

Several recombinant peptide hormone substrates including those for salmon and human calcitonin, 
human growth hormone releasing factor, and human calcitonin gene-related peptide have been produced 
and successfully alpha-amidated by the aipha-amidating enzyme preparation of this invention. For purposes 

45 of illustration, the procedures employed for the production of recombinant salmon calcitonin, human 
calcitonin gene-related peptide, and human growth hormone releasing factor are summarized below. Similar 
types of approaches may be used for other recombinant peptides. 

Salmon calcitonin is a 32-membered peptide hormone possessing an alpha-amidated prolyl residue at 
its carooxyi terminus. A microorganism was genetically engineered to produce a recombinant fusion protein 

so which contained the amino acid sequence corresponding to salmon calcitonin. The fusion protein gene was 
designed so that the salmon calcitonin sequence was bracketed by a methionyl residue on its amino 
terminus and at its cartooxyl terminus by a glycyl residue which also terminated the recombinant fusion 
protein. Following ligation of the salmon calcitonin gene into a piasmid. a microorganism was transformed 
with this piasmid and expression of the fusion protein was obtained. This calcitomn-containing protein was 

55 isolated from lysates of the recombinant microorganism by precipitation and its cysteinyl residues 
converted to S-sulfonates. Since salmon calcitonin does not contain methionine, cyanogen bromide 
cleavage of the recombinant fusion protein generated a peptide containing the salmon calcitonin sequence 
with a carboxyl-terminal glycine extension. This peptide was isolated by either reverse-phase HPLC or ion- 
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excnange cnromatograpny ana its structure established by ammo acid composition ana microseauence 
analysis. 

The penultimate prolyl residue was converted to proiinamide by the action of the alpha-amidatmg 
enzyme. An example of the conditions employed for the aipha-amidation of this peotide is as follows: The 

s lyophiiized peptide substrate (giycine-extended salmon calcitonin precursor, 200-300 nanomoles) was 
dissolved in 200U1 of i50mM Tris-HCl buffer. pH 7, containing approximately 750uU of alpna-amiaating 
enzyme. The enzyme can be derived from either MTC tumor or spent tissue culture media from the rat 
MTC CA-77 ceil line. The enzyme must be purified to an extent so that ail extraneous proteolytic enzyme 
activity has been removed. This is usually accomplished by a combination of ion-exchange and size- 

io exclusion chromatography (see Example 4). Pure, homogeneous enzyme is not a requirement. Ascoroic 
acid and copper sulfate were then added to this mixture in sufficient amounts to yield final concentrations of 
approximately 3mM and 2uM, respectiveiy. Catalase (7.5ug/mL), ethanoi (1%. v/v), and potassium iodide 
(50mM) may also be incorporated into the reaction mixture to improve the yield of aJpha-amidated saimon 
calcitonin. The resulting solution was mixed and incubated at 37' C for 5-6 hours. 

15 Following removal of the S-suifonate grouos with beta-mercaotoethanol treatment, the recomoinant 
salmon calcitonin was purified by reverse-phase HPLC. The final product was charactenzed by its retention 
on reverse-phase HPLC. quantitative tryptic mapping, and ammo acid analysis. In all instances, the 
recombinant salmon calcitonin was indistinguishable from synthetic salmon calcitonin. 

Human calcitonin gene-related peptide is a 37-memdered peptide hormone possessing an alpna- 

20 amidated phenylalanyi residue at its carboxyi terminus. The fusion protein gene was designed in a similar 
fashion to that of salmon calcitonin (see above) in that the human calcitonin gene-reiated peotide sequence 
was bracketed by a methionyl residue on its amino terminus and at its carboxyi terminus by a giycyi 
residue which also terminated the recomoinant fusion protein. The liberation, purification, aipha-amiaation. 
and characterization of the recombinant human calcitonin gene-related peptide precursor was also acccm- 

25 plished in a manner analogous to that used for recombinant salmon calcitonin. 

Human growth hormone releasing factor (hGHRF) is a 44-memdered peptide hormone possessing an 
alpha-amidated leucyi residue at its carooxyi terminus. The fusion protein gene for hGHRF was designed so 
that the amino add sequence for the peptide hormone was bracketed by a tryptopnanyi residue on its 
amino terminus and at its cartooxyi terminus by a giycyi residue which also terminated the recomoinant 

jo fusion protein. The hGHRF-containing fusion protein was isolated from lysates of the recombinant microor- 
ganism by precipitation. The non-hGHRF portion of the fusion protein was denatured by the conversion of 
the cysteinyl residues to S-suifonate derivatives. Since hGHRF does not contain tryptophan, cnemicai 
digestion of the recombinant fusion protein with the reagent 8NPS-skatole oxidatively cleaved the fusion 
protein, thereby generating unamidated hGHRF with a cardoxyl-terminai glycine extension. Simultaneously. 

35 the methionyl residue at position 27 in the hGHRF molecule was oxidized to methionine sulfoxide. This 
giydne-extended peptide was isolated using gel-filtration and reverse-phase HPLC. Its structure was 
established by ammo-add analysis of the fragment peptides produced by trypsin digestion. 

The penultimate leucyi residue was converted to leucinamide by the action of the alpha-amidating 
enzyme of this invention. An example of the conditions used for the preparation of aipha-amidated hGHRF 

40 is as follows: The lyophiiized peptide substrate (20-40 nanomoles) was dissolved in iSQuL deionized water 
and mixed with 90uL (SOOnU) (pH 7.0) of alpha-amidating enzyme preparation derived from either rat MTC 
tumor or spent tissue culture media from the rat CA-77 cell line. The enzyme had been purified to remove 
all extraneous proteolytic enzyme activity by a combination of size-exclusion and ion-exchange chromatog- 
raphy. Ascorbic acid and copper sulfate were then added to the mixture of enzyme and substrate m 

45 sufficient amounts to yield concentrations of 3mM and 2uM. respectively. The resulting solution was mixed 
and incubated at 37 # C for 4-6 hours. A typical conversion percentage of the substrate to product is 95%. 
based on the amino add analysis of the fragments liberated by digestion with trypsin. Finally, the 
methionine sulfoxide residue was reduced to methionine by the action of 4M beta-mercaptoethanot buffered 
at pH 4 with lOmM sodium acetate at SO* C for one hour. The final product was purified by a reverse-pnase 

so HPLC and charaderized by its retention time, tryptic digestion analysis, and ammo acid analysis. The 
recombinant, alpha-amiefated product was also tested for biological activity, in all .nstances. the recombinant 
hGHRF was indistinguishable from synthetic hGHRF. 

In addition to the atoove studies, two commercially-available giycine-extended peptide hormones were 
evaluated for their ability to act as substrates for the alpha-amidating enzyme. These are the precursors of 

55 alpha-melanocyte stimulating hormone and substance P. In both cases, results indicate that both peptides 
are suitable substrates for the alpha-amidating enzyme. 
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5 Sequence Analysis of Purified Rat Aloha-Amidating Enzyme 

Fractions containing purified alpha-amidating enzyme were pooled from either rat MTC tumor tissue or 
CA-77 ceil culture supematants and the suifhydryl groups of the enzyme were subjected to reoucuon 

10 followed by cartooxymethylation. The resulting reaction mixtures were then applied to a Vydac C4 reverse- 
phase HPLC column (5uM particle size. 33nm pore size) that had been equilibrated with 0.1% aqueous 
trifluoroacatic acid. The column was washed with this solution to remove excess buffer salts. The desalted 
enzyme was removed from the HPLC column by eluting with 80% acetonitnle containing 0.08% 
trifluoroacatic acid. The column effluent was monitored by UV detection at 220nm. The resulting protein 

is fractions were collected, pooled, and lyophiiized. This matenai was then redissoiveo in lOOuL of 0.1% SDS 
and then applied to an Applied Biosystems moael 470A protein sequencer. Procedures used for the 
microsequence analysis were those specified by Applied Biosystems. The resulting phenyithiohydantom 
amino acids were analyzed by HPLC on a Hypersil C18 column (Sum particle size. lOnm pore size) with 
absorbance monitored at 269 and 3l3nm on a Hewlett-Packard 1090 liquid chromatograchy system. The 

20 amino-terminai sequence of the major component enzyme peak (peak ill) from the tumor tissue was as 
follows: 
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2 3 4 S S 
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10 
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12 
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-?he-Ser-Asn~GIu~Cys • 
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-<31y- 
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-Pro-Leu-Asp-Ala-Ser- 


•Asp- 


-Phe- 


■Ala- 


Leu- 
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■lie- 


26 


27 


23 















Arg-Met-Pro 

Amino-terminai sequence data for the major comoonent form of the enzyme (peak IV) from CA-77 ceil 
tissue culture supernatants indicate that it is identical to that of the tumor tissue enzyme (peak III). However, 
a minor component was also detected dunng the microsequence analysis of this enzyme wmch appears to 
35 contain an ammo-terminal extension when compared to the major form of the aipha-amtdating enzyme. The 
presence of this comoonent is probably due to differential oost-translationai processing of the enzyme. The 
amino-terminai amino acid sequence of this component was as follows: 

40 1 2 3 4 5 S 7 3 9 10 11 12 

NH 2 -Phe-LysH31u-Thr-Thr-Arg-Ser-Phe-Ser-Asn-<31u-Cys 

13 14 
Leu-Gly- 

Additional amino acid sequence data was obtained for the a-amidating enzyme from rat MTC tumor 
tissue by the following procedure: Approximately 400ug of punfied enzyme was subiected to reduction and 
carboxymethyiation. Following this procedure, the enzyme solution was transferred to dialysis tubing and 
diaiyzed for 18 hours against 25mM Tris-HC! pH 8.0/0.5M urea. The retentate was then transferred to a 1.5 

» mL centnfuge tube and concentrated to a volume of 600aL under reduced pressure. To the enzyme 
solution was added 2uL <2iig) of trypsin and the mixture incubated for one hour at 37 C. At this point, a 
second aliquot of trypsin (2ug) was added and incubation continued for two hours at 37 C. The digestion 
was terminated by the addition of 200uL of 4M urea/10% acetic acid. The digest was then applied to a 
Vydac C18 reverse phase HPLC column (5am particle size. 33nm pore size) that had been equilibrated with 

55 0.1% aqueous tnfluoroacetic acid. The column was then eluted with a linear gradient of acetonitnle to a 
concentration of 50% over a four-hour period and fractions collected at two-minute intervals. The resulting 
charactensuc reverse phase HPLC elution peaks for the tryptic digest of the enzyme is graphed in Fgure 
XXIII. Three of the resulting tryptic peptides were subjected to automated sequence analysis as described 
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5 



10 



above and me results are given below. (Peptides are aesignatea by their fraction number.) 
Tryptic Peptide No. 65 

-Ser-Met-Gln-Pro-Gly-Ser-Asp-Gln-Asn-His-Phe-Ser-Gln-Pro-Thr- 

Tryptic Peptide No. 58 
•Asn-Qly-GIn-Trp-Thr-Ueu-lle^GlyArg- 

Tryptic Peptide No. 36 
-Phe-Vai-Thr-Gln-Trp-Gly-Glu- 

EXAMPLE 7 



20 



Molecular Cloning of the Gene or ONA Sequences Encoding Rat MTC or CA-77 Cell Aloha ^dating Enzyme 



25 



The aoiiity to clone the gene or DNA sequence encoding alpha- amioating enzyme derives from several 
critical pieces of information and reagents. One must discover a reliable source of the enzyme protein 
which will in turn serve as a source of the enzyme's messenger RNA (mRNA) ana ultimately its 
complementary ONA (cONA). Isolation of the enzyme's gene or cONA also requires a molecular probe 
jo specific to me enzyme of interest. Generally this molecular probe takes one of two forms, it is either an 
oligonucleotide whose sequence is complementary to part of the enzyme gene or it >s an antibody molecule 
(or collection of antibody molecules) that recognizes the enzyme protein specifically. Oenvation of these 
molecular probes requires discovery of a method for punfying the enzyme such that either enzyme specific 
antibodies can be produced or the enzyme's amino acid sequences can be determined for aes.gn.ng 
35 oligonucleotide probes. These conditions of discovery have Deen satisfied for the aipna-amioating enzyme 
of this application. 

The alpna-amidating enzyme was purified from rat MTC tissue and rat CA-, - cell conditioned media. 
This established that these cell sources would contain the mRNA encoding the enzyme prote.n. rne 
methods that we have used to prepare cONA for alpha-am.dat.ng enzyme are well known in the art or 

« molecular biology. Specific protocols for these venous methods can be found in laboratory manuals such as 
Molecular Cton.ng (1982). DNA Clon.ng . (Volume 1) a Practical Approach . (1985) or primary uterature 
references 1^n~as Gubler. Tl Hoffman. B.J. Gene. Vol. 25. p 262-69 (1983): or Young. fl.A. ana Oav.s 
RW PNAS Vol 30. pp 1194-98. (1983). These procedures have a general applicability with the critical 
variable being the source of the mRNA utilized. To prepare am.dation enzyme soec.fic cONA we nave used 

4S both rat MTC tissue MRNA and CA-77 cell mRNA. The double stranded cONA samoies that were 
synthesized were «n turn used to prepare separate gene libraries by well known procedures. 

As discussed above, identification of the particular cONAs for alpha-am.dating enzyme mRNA reau.res 
molecular probes that can distinguish these recombinants from the other recombinants m a oarticuiar 
library Examples 3 and 4 detail the purification methods used to prepare the enzyme necessary tor 

so derivation of molecular probes. Example 6 describes the use of this prote.n to determine amino acid 
sequences wh.le Example 8 describes the use of the purified protein to prepare enzyme specific antibodies. 

The ammo acid sequences of Example 6 are sufficient to generate specific selective oligonucleotide 
probes. In trie preparation of oligonucleotide probes, several factors are important for making trie probe 
selective A full discussion of these considerations can be found in Lathe. R.J.. J. Moi. Biol.. Vol. 183. pp - 

ss 12 (1985). Since generally more than one nucleotide seouence can encode the same ammo acid 
sequence (a principle known as the degeneracy of the genetic code), any single nucleotide seouence * 
cnly represent one of a number of potential gene sequences. To guarantee that an oligonucleotide probe 
w.ll identify the gene of interest one can prepare an eau.moiar m.xture of ail the poss.ole nucleotide 
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sequences that could encoae amidaoon enzyme specific ammo aaa sequence. The complexity of such 
mixtures often render them less than absolutely selective and thus in general oligonucleotide mixtures 
corresponding to more than one region of amino acid sequence from a protein must be used to obtain 
absolutely specific selectivity for a given gene. 

Alternatively, an oligonucleotide selective for the gene of interest can be prepared by prepanng a 
unique nucleotide sequence of sufficient length that even slightly imperfect complementarity to the desired 
gene will produce a stable hybrid. This unique sequence will have a very small (length dependent) 
probability of forming a stable hybrid with other gene sequences. The unique sequence is composed of the 
most frequently used codon for each amino acid of the protein sequence. The frequency of codon usage for 
a given species can be determined from a compilation of known gene sequences and the corresponding 
ammo acid sequences for the proteins of that species. These methods are well known to those who are 
skilled in the art of molecular biology. 

Still another approach that can be employed to prepare specific oligonucleotide probes involves me 
incorporation of deoxyinosine residues into the oligonucleotide at positions of maximum degeneracy. This 
nucleotide substitution serves to reduce the degeneracy of the probe sample and thus can have beneficial 
affects on the selection process. (For a discussion of the use of deoxyinosine in an oligonucleotide probe, 
see Ohtsuka et at.. J. BloL Chem., Vol. 260. pp 2605-08 (1985)). 

We haveli^liraTplS^midating enzyme protein sequences to proiect a vanety of oligonucleotide 
probes that are useful for amidating enzyme cONA isolation. The sequences used and the probes we have 
20 prepared are shown in Table II. It must be recognized that if provided wtth the amino acid sequences, 
alternative strategies for gene isolation by probe hybndization could be evolved by one who is skilled as a 
molecular biologist. 

The oligonucleotide probes so generated have been usea by well established methods (see Molecular 
Cloning 1982) to screen both the ptasmid and bacteriophage cONA libraries and to isolate aipha-amiaating 
25 enzyme cONAs. 
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Table il 



This table illustrates all of the possible gene sequences corresponding to selected regions of an alpha 
amidating enzyme protein. Below the projected seouences are shown some of the gene complementary 
oligonucleotide probes that are useful for cONA identification and isolation. 
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A. Generation in Mice of Monoclonal Antibodies Specific to Alpha- Am. dation enzyme 

Eleven BaifccJ mice were immunized and boosted with punfied P'«^ ti ^ 
Thy mic* were bled and the serum was processed and titered against the purtfted enzyme by an eusa 
ThTJZ! teSniques ^ployed are well established) was performed by absorbing me punfied 

me binding of the first antibody to the p.ate-bound enzyme, was then .ncubated «£~*£*aZJ* 
and addition of a substrate solution, the signal was colonmetncally monitored by a spectropnotome. 

^Jlf^^XT^Te^ r -nfced ,ur days ^ ™ 
Thereon we, ajepti c*,y remold „d tea*d fmecha^ly bro^wnMo ^ - ***** « 

IScJ thymocytes and splenocytes. which served as feeder cells. The cells were ma.nta.ned .n se.ect.ve 

HAT media, which perm.ts survival of only the hybnd cells ,„ Mned bv radiol mmunoassay ana 

The supernatant* from 116 wells wh,ch showed clonal growth were ™ Z ELISA 

EUSA methods for antibody production. The radio.mmunoassay procedure was s.m.lar 
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previously described except that trie second antibody was labeled with "I ana me radioactive counts were 
measured by a gamma counter. 

Fifty-six of the 116 wells were positive for antibody production and subseduently screened for reactivity 
to alpha-amidating enzymes. Twenty five clones wn.ch appeared to be positive for the alpha amidating 

s enzymes were cloned out by a serial dilution process. The pnmary clones were screened both against 
alpha-amidating enzymes and BSA (since the polystyrene plates were blocked w.m BSA. antibodies which 
were bound to the plate may have merely bound td or been absorbed by the BSA in a nonspecific manner) 
to determine if they were indeed specific for the amidating enzyme. Clones that demonstrated a signal for 
the alpha-amidating enzyme that was at least twice that demonstrated for BSA were cloned out at a 1 cell/2 

ro well distribution ratio. 

Twenty-one positive hybridomas (see Table ill) were earned to the tertiary cloning stage and twenty ot 
them characterized with regard to antibody class by both Ouchtertony and EUSA techniques. Seventeen of 
the clones have lgG2a heavy chains and three have IgG, heavy chains. All of the twenty clones typed 
secrete antibodies with kappa light chains. 

is Each line was individually grown in bulk culture and aliguots of cells were frozen in liquid nitrogen. 
Pristane-primed Balb/cJ mice were injected intraoeritoneally w.th 5 x 10* hybridpma cells. One week later, 
mice that did not show me onset of ascitic tumors were given a booster iniecoon of cells. Ascites fluid and 
blood were removed 1-2 weeks later. After processing, the ascites and sera were screened and titered 
against me alpha amidating enzyme as well as against negative antigens (for example, bovine serum 

zo albumin, egg albumin, carbonic anhydrase. and growth hormone releasing factor) to ensure antibody 
specificity. 



TABLE III 
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8aib/c Alpha-Amidation Enzyme Monoclonal 




Call Lines 




Cell Line 


Heavy Chain 


Titer 


4-1-4-20-3 




-1:5,000 


4-1-4-18-1 


IgGs* 




4-5-7-3 


igG*. 


-1:5.000 


4-2-3-17-7 






3-7-1-20-24 


igGu 


-1:10.000 


4-8-15-2-6 


igGi* 




4-7-21-14-9 


igG 2 , 




4-10-45-1-16 


igG 2 * 




54-2-1-39-2 


igG*. 


-1:10,000 


4-6-12-3-17 


igG*. 




52-1-31-24-2 


igG 2a 




4-3-11-46-1 


igG* a 




3-7-9-9-3 






86-1-38-15 


Igd 


1:1.000 


4-5-6-1 


IgG. 


1:1,000 


4*4-24-3-5 


igGz. 


-1:5.000 


4-11-3-1-8 


IgGt 




8-9-94-4-2 


igG?. 




4-10-30-3-1 


igG a 




75-10-17-14-4 


IgGa 




92-10-26-32-39 


Not classed 





* Ascites fluids were titered with 1 
ELISA. 



OOng of pure enzyme m a solid-phase 
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3. Purification Procedure For Monoclonal Antibooies Producea in Mice 

Monoclonal antibodies specific for the .-amidating enzyme prepared Oy the methods 
were purified as follows. Ascites fluid collected from several mice .nocuiated with the same cione was um 
He aZSdy source. Ascites fluid was diluted (5-fo.d) with lOmM MES pH 5.6. The dtiuteo ascites rlu d 
was applied to a 1.5 x 20 cm column containing 40um. A8X mixeo-mooe silica resin (J.T. Baker) previously 
eauilibrated with lOmM MES pH 5.6 buffer. Monociona. antibooies were eiuted from the column usmg ao- 
SOOmM sodium acetate pH 7.0 gradient. The fractions containing the purified antibpdies were cpmoined. 
tested for specific activity, and stored at 4' C until further use. 

C. Generation In Chicken Of Polyclonal Antibodies Specific to q-Amidating Enzyme 

Intravenous, intramuscular, and subcutaneous injections were administered to two laying hens w,th a 
total of approximately 50ug of the Punfied a-am.dating enzyme in flibi adjuvant for aacn chicKen. Rib. 
adjuvant is a completely metabolizable lipid emulsion system which consists of a «*ewn 
lymphocytes and an adjuvant for enhancing the antibody response to antigens in fowl <™«£™ m 
Research. Montana.. After the initial immunization, two booster injections were g.v en ^ « r^™"™ 
with approximately 30ug of the enzyme per chicken. The animals were bled on day 21 and day ^35 and the 
sera ^ceased and screened for the presence of specific antibodies by the following P»«"^£" 
both chickens, day 0 (pre^mmune,. day 21. and day 35 were screened by «*f-^J^i2 
of punfied «-am.dation enzyme. Bovine serum albumin was used as a negative control for ™nsoeafic 
annbody binding. The enzyme-speafic ant.boo.es were deteaeo with rabb.t anti-cmcken igG alkaline 

^Te^tfJomrabove procedures demonstrated that specfic antibodies could be detected ,n the 
sera of ch.cken 257 at day 35. Serum diluted 1:10.000 gave a s,gnaMo-no,se ratio 
Chicken 258 snowed enzyme-speafic antibodies at day 21 and day 35. From both bleeds sera aHuted 
S5So gave a signa.-to.oise ratio of approximately 4:,. Collection of eggs from both hens s « ay 
58. IgVs isolated by pp.yethy.ene gtycp. (PEG) preap.tat.on of pre-.mmune eggs and *" on 
M eggs were anaJyzed by Ouchterlony techniques and enzyme-specific antibooies were screened by E JSA. 

0. Purification of Chicken IgY Antibodies 

n chickens as 
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Polyclonal avian antibodies speafic for the ,-am.dating enzyme were ^produced n an ckens as 
descnbed above. Eggs from -mmumzed hens were collected and either emoeddea ,n paraffin or frozen un* 
use for me purification of IgY. Egg wh.tes were separated from the yolks, which contain th «-A : specu.c 
antibodies. Egg yolks were diluted 3-fold using !0mM sodium phosphate pH 7. S conta.n, * m 
0.01% sodium aide. An initial PEG precipitation step was performed using a 3.5% final Ltd 
<o PEG 3000. The precipitate was allowed to form for 30 minutes at room temperature, then «mnfuged. ana 
me supernatant (contaming the IgY) saved. Additional PEG was added to the supema^t ^to bnng the final 
concentration to 12.5% PEG. The IgY antibodies precp.tated at this concentration of PEG ^^ e ^ 9 ° 
b°y c C entnfugation. The IgY antibodies at this stage of the pupation were^nfied furmer by rw met od, 
u The precipitated IgY antibodies were resuspended in lOmM MES pH 5.6. then oiaiyzea « y 
« at 4-C againimis sameLer. The sample was then applied to 15 * 20 cm column f£ 
m,xed-mode A8X silica resin (J.T. Baker,. The subsequent purification protocol was identical to .hat 

descnbed for ascites fluid. reorecioitated 
2) Alternatively, the pellet containing IgY was resuspended in starting buffer and the ' "JJ^ 
using saturated ammonium sulfate (3:1 v,v). The pellet contaimng IgY was resuspended .n a small volume 
so of distilled H*0 and stored at 4*C unti. further use. The immobilization procedure for ch.cken .gY 
described in example 12. •* 



EXAMPLE 9 
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Kinetic Studies of Alona-Amidatincj Enzyme Activity 

The alpha-amidation enzyme wh.ch we have purified to homogeneity (both from ^^J^ 
carcinoma CA-77 cells in culture, ana from the corresponding tumor tissue removed from laftor ^*! 
functions in the conversion of inactive glyc.n*extenaea peot.de prohormones to the 
amides. Based upon our studies, me C-term.nai ammo acid of the prohormone must be a glycine residue 
order for trie enzyme to recognize it and amidate it as follows: 

Amidating 
enzyme 

R-X-Giy-COOH + 0, a-Z-COSH, + 3C0-C00H * 2,0 

reducing oxidized 
is agent reducing 

agent 

In vitro reconstitute of this activity absolutely requires in addition to the peptide substrate molecu.ar 
» oxvwTano a reducing agent ((.-ascorbic acid). We have found however that enzymatic act.v.ry may be 
2£S Scried bylte addition of -on* .copper su.fate, ana catalase. This -«J~«^ 
bound by the enzyme and used as a site of mo.ecu.ar oxygen binding and activation. On he ot e^n no. 
catalase is an enzyme that serves to scavenge me hydrogen perox.de wmch wou.d otherw.se ac-umuiate. 
through s.de reactions involving oxygen, ascorbate. copper, and destroy the am.dat.ng l«V™- 
» We have successfully developed sens.tive non-radiometnc assay procedures "**£^£Z£ ll 
am.dat.ng enzyme activity. These assays incorporate the use of synthetic tnpept.de suedes man 
of these substrates is conveniently momtored by separation and quanhftcation of the produc. (am.datw 
dipeotide and substrate tripeptide) usmg HPUC. The most sens.tive of the assays developed Ms 
monTdansyl L-Ty,VaH3ly as substrata. Th,s compound can be detected at extremely - e ause 
» the dansyl group is fluorescent. Consequently, me sens.uv.ty of th.s assay is comparaole to mat of sunnar 
radiomatnc assavs develooed in ottier laboratories. 

We havHSd mis assay to investigate me kinetic prpperties of the aipha-am^ng e^m* 
particular, me kinetic parameters Km and Vmax have been de.erm.nea by t ^ me en^ me 

variation of substrate concentrate upon enzymat.0 activ.ty. Km is a measure of the My hat m » enzyme 
» possesses for a pancular substrate. The smaiier the Km the greater the £££ 
velocty at wtoch me enzyme w,H convert me substrate to proauct ana .s observed at .aturaung 
concentrations of substrate (i.e.. the substrate is present m large excess over the , annrn , imatejv 
in a typ.ca. am.aat.on enzyme assay, me reation system (SO u» would comprise en zyme ap W 
7ug dan^-Tyr-Vai^y Z » 40uM, L-ascorbic and <3mM>. catalase ,0 tc , lOOug m ^coppe 
40 sulfate (0 to 2 uM) in 60 mM TES buffer at pH 7.0. The reaction is initiated at 37 C by the aaennr . 
enzyme arid tolriated after a defined penod of time by the addition of 0.1 M EDTA «..na. concentration, 
which binds up copper making it unavailable for me enzyme. .-Tvr-Val- 

The alpha-amidating enzyme displays a h,gh affinity for the enzymatic 
Qlv w,th the Km ranging between 1-2 uM. This value seems to be constant regardless of me state i or 
« plcaL of me en^me. Thus, the enzyme ooo. derived from Sephacry. S-300 c^graphj , dao-ay 
the same Km as the electrophoretically pure preparatipns of enzyme denved from Mono Q pH ao 
cXomZrSy" me lower mo.ecu.ar we.gh, forms resolved on Mono Q pH 6.0 
other hand. * expected, the Vmax values (expressed per mg of protein, vary substanua y 
purification. Thus, while the Vmax of me Sephacry. S-300 derived podl . approx.ma ely -» mo 
*> product formed per minute per mg protem. me Vmax for the pure tumor enzyme -s about .000 nmo. 

^V^TiZTT^, and the substrate may compete with each other for the . enzyme 
undeT some conditions. For example, if me concentration of substrate 

saturating level, enzyme activity is attenuated due to impa.red interaction betv^n enzym^and a c o, 
» acid. Thus for each particular substrate mere appears to be a tine ° om * 
substrate/ascorbate levels, depending upon the affinity of the enzyme for the particular substrate. 
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Affinity of the Amidating Enzyme for Glycine-Extenoed Peptides 

We have used the assay of monodansyl L-Tyr-Val-Gly amidation as a sensitive probe for the reaction 
between the amidation enzyme and several gty-extended peptide prohormones. The purpose of this study 
was to examine the relative affinity of the enzyme for binding certain different types of peptide substrates. 
Although we have shown earlier that the enzyme successfully amidates the glyane^xtended precurspr 
substrates of human calcitonin and human growth hormone releasing factor, mis says nothing about the 
ability of the enzyme to preferentially bind these or other peptides relative to one another. 

We have shown that glycine-extended alpha-melanocyte stimulating hormone, substance P. vasopressin 
analogs, and growth hormone releasing factor will interact with high affinity with the am.dat.ng enzyme, 
preventing it from metabolizing dansyl l-Tyr-Val-Gly. Furthermore, pentapeptide models corresponding to 
the five C-terminal amino acids residues of glycine^xtended human calcitonin, neuropeptide Y. 
cholecystokinin. cortcotrophin releasing factor and calcitonin gene-related peptide, show competition ,n this 
assay. In other words, the enzyme has the ability to bind and presumably to amidate all of these giycine- 
extended peptide substrates. 

In contrast when the amidated peptides conesponoing to these substrates were examined they we e 
found to be much less able to interact with the enzyme. The capacity of this enzyme catalytic site to 
recognize a wide variety of glycine-extended substrates should make it an extremely useful general reagent 
for the commercial amidation of peptide prohormone generated by recomomant DNA technology. 



EXAMPLE 10 



ISOLATION OF A DNA SEQUENCE ENCODING PEAK III q-AMIOATING ENZYME 



RNA Preparation: 

Total RNA was prepared from rat MTC tissue using the guanidine thiocyanate procedure. Poly A 
was selected with oiigo dT cellulose. 



cONA Synthesis: 

Oouble stranded cONA was prepared by well known methods. Using poly A RNA from the rat MTC 
tissue as template and oligo dT,,-,, as a pnmer. first strand synthesis was accomplished in an anzymauc 
SoLth reverse transcnptase. The cDNA and the RNA were separatee 1 and the RNA 
alkali. Second strand synthesis of the cDNA was se.f-pnmed using E. coli DNA P°'y™'^ S ' n "« e *» 
digestion was employed to remove hairpin loops ,n the cDNA and to degrade any single r J » n * 

of the cDNA. After a reaction with DNA polymerase I to generate flush ends on the cONA. the Rouble 
stranded cONA was treated wrth EcoRl methyiase and s-adenosyl methionine to methylate the 6c ofl I ates 
and protect them from subsequent enzymatic cleavage. Ecofll linkers were (.gated to the cONA Fol ow,ng 
EcoR, digestion, the excess linkers were separated from the cDNA and the cONA , was ™ 
a Sepharose 48 column. For one such synthesis, molecules of greater than 500 base pairs were collected 
while in a second, molecules larger than 1000 base pairs were pooled for cloning. 



X gtll cONA Library Construction: 

Following the synthesis of linker adapted double-stranded cDNA. the molecules were used tc .generate 
cONA libranes in the vector xgt ... This was accomplished by ligation of the cONA to xgt I. DNA that ad 
been cleaved with Ecoflt and treated with phosphatase to prevent self-ligation of the vector DN^tovnng 
the ligation of the DNAs. the recombinant DNAs wre packaged ,h vUro to form mfectious Oactemphage 
particles. (Extracts lor packaging are commercially available from Promega Biotech or Clontech Laborato- 
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nes or can be prepared accoroing to standard methods.) 

After trie ONA was packaged, aiiquots of the pacxaging mixture were tested to determine the numoer ot 
recomoinants in the libraries. One of the libranes was found to contain about 2.57 x 10« infectious panicles, 
approximately 78% of wnich were apparent recomoinants (giving clear oiaaues on X-Gal olates when grown 
in the presence of IPTGV The other library was found to have about 2.75 x 10 6 total plaque forming units 
and approximately 81% apparent recomoinants. 

Library Screening: 

In order to identify which recombinant bacteriophage contained cONA to alpha amidating enzyme 
protein the phage were screened with radiolabeled oligonucleotioe probes designed from the specific 
amino 'acid sequences of the alpha amidating enzyme. (See Example 7, Table II). Screening was 
accpmplished by plating samples of bactenophage and lifting the phage onto nitrocellulose filter aisxs. 
Procedures for phage immobilization on nitrocellulose filters are widely known. Duplicate filters from eacn 
plate were hybridized w.th ^p-iabelled oligonucleotide AE 9. Hybridization was performed at 37 C for 20-24 
hours in 6xNET. 0.5% NP40. SxOenhardfs solution. I00ag/ml salmon sperm ONA. with oligonucleotide 
probe at 0.3-0.4 pmols/ml. Following hybridization, the filters were washed in 6xSCC at 44-45 C for several 
hcurs and exposed to X-ray film. Positively hybridizing phage were identified as coincident spots on 
duplicate filters. These were punfied by senaily ennching through several rounds of plating and hybridiza- 
tion From about 4-5 x 10* phage screened. 18 were identified by AE 9. 

To confer specificity on the selection, hybridization with a second alpha am.dating enzyme 
oligonucleotide. AE 8. was performed. This probing revealed that at least four of the aignteen phage were 
carrying cONA to the alpha amidating enzyme orotein seouences. This finding was cdnfirmed by additional 
specific oligonucleotide hybnoization (wrth AE 4 and AE 5) as well as by ONA sequence analysis. 



a- Amidating Enzyme Expression: 

The peak III «AE for which we have determined protein sequences has a molecular weignt of about 
75.000 daltons. If the average molecular weight of an amino acid is taken as 120 daltpns. then the armdaang 
enzyme has. at most. 825 amino acids. The gene for 525 ammo acids must contain at least 875 ibft* 
pairs. All of the four cONAs that we have .solated as am.dating enzyme specific are su«.c,en,,y M*ge » 
completely code for the o-amidating enzyme protein. One of the cONA clones. UEi. . • 
2.200 nucleotides in length. Within the first 80 nucleotides from one end. it begins coding for me .amino acid 
sequences that have been identified as the ammo terminus of the Peak III anzyme. It can therefore M 
inferred that this cONA contains the entire coding caoac.ty necessary for Peak III W£<*£« 
information and the nucleotide seouences at the ends of the 2.200 bp cONA. ,t is a relatively straigntforwaro 
procedure to adapt the cONA for expression cloning into a prokaryctic host such as E. coil 

One pptential procedure that can be applied to the xAEl cONA is outlined in Figure XXXII. For instance 
the 2.200 base pair insert cONA of XAE, is .solated following EcoRl J^^^SS 
bactenophage ONA and agarose gel electrophoresis, it ,s cloned into the Ecofli site of pBR322 to generate 
thTplasmid pAEB-1. pAE8-i contains a unique Kpn. cleavage site within the cONA sequences 
Sd S site within the pSR 322 sequences. Digestion of pAE8-. w.th Kpn. and Hind III yields 
45 about 2.15 Kb which has lost about 62 base pairs of cONA (at the ammo terminal coding and of the , conai. 
To build back the amino acids found at the amino terminus ot the Peak III am.dat.ng enzyme an d to oaot 
the cONA for cloning into an expression plasmid. the Kpnl-Hind HI ^J^.^^ 
oligonucleotide linker adapters. In the example shown, the E. colt expression plasm.d pKK233-2 P"«"« efl 
Sr .Pharmacia is being used. The 2.15 Kb cONA fragment"* ligated to the double stranded l.nker-adapter 
so comprised of 

A£17( + ) 30 5 CATGTCA7TTTCCAATGAATGCCTTGG7AC 3 
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AEIS(-) 2 2 5 CAAGGCATTCATTGGAAAATGA 3 
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The adapted fragment is then ligated to the ptasmid pKK233-2 ONA that has oeen prev.ousiy cleaved with 
Ncol and Hind III to yield a 4.6 kb linear vector. The ligated product pA£l2. contains the cONA for the 
alpha amidating enzyme proceeded by an ATG start codon ana a ncosome binding site and under the 
control of the hybrid. IPTG inducible promotor. trc. The gene is foilowea dy 5S HNA gene and transaction 
termination site. IPTG inducible expression of pAE12 is obtained following transformation of the plasmid 
DNA into an EL coli strain with a laci q genotype. Partial ONA Sequence of the 12 kb cONA Insert of XAE1. 

The 12 i<5 insert was excised by EcoR-1 digestion of XA61. and the insert was labeled with - P. After a 
secondary digestion with Hinc II, the resulting 1.6 kb and 0.6 kb fragments were sequenced by the chemical 
degradation method of Max am and Gilbert. 

DNA Sequence Obtained by Maxam-Gilbert Sequencing of 
600bp Fragment of XAE-1 From tlie Eco Rl End: 

v v v v 50 v 

15 AATTCCGG7CTTTAAGAGGTTTAAAGAAACTACCAGATCATTTTCCAATG 



10 



v v v v lOOv 

AATGCCTTGGTACCATTGGACCAGTCACCCC7CTTGATGCATCAGATTTT 

20 v v v v 150v 

GCGC7GGATATTCGCATGCCTGGGGTTACACC7AAAGAGTCTGACACATA 

v v v v 200v 

CTTTCTGCACGTCCATGCGTCTACCT 

25 

DNA Sequence Obtained by Maxam-Gilbert Sequencing of 
the IS 00 bp Fragment of XA2-1 From tie Zco *21 End: 

y v v v 50v 

30 AATTCCGTCTCiGTTTCrGTTTCTCTTGCATCTTCTGCAATTCTGAGGAG 

v v v v IQOv 

GTGGGTTTGTTCTCCACTTTGGGTTCGACAACTGCCTCGGCTTCTTTGAT 

35 v v v v 150v 

TTCGTGGACTTCGA7GCCAGCCTTTTTAACTGACGCATGCTCCATTTTTT 

v v v v 200v 

CGGTCAGGGTGAACTTCCACACGGTG7TGTGTGTGCGCTCGAAGACCG 



50 



Search For Sequence Homology To The Oligonucleotide Probe A6BH22 

A computer search was carried out for the homology between the ammo acids used to 9*™**** 
probe AEB (Leu^ly-T7iMle-Gly-Pro-Val-Thr) and the translation of the partial ONA sequence of the 600bo 

^A^n^f perfect homology was obtained and this region has oeen highlighted by asterisks on the 
DNA sequence and uppercase letters for the amino acids. The ammo acids identified by ™r«^ 
sequencing of the purified amidating enzyme have been bracketed. Ammo acid assignments that are found 
to differ from those predicted by the ONA sequence are indicated by a ' + " 
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AATTCCGGTCTTTAAGAGGTTrAAAGAAACTACCAGATCATTTTCCAATG 



************** ******** 
AATGCCTTGGTACCATTGGACCAGTCACCCCTCTTGATGCATCAGATTTT 
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GCGCTGGATATTCGCA7GCC7GGGGTTACACCTAAAGAGTCTGACACATA 
aldirmp)gvtpkesdty 

CTTTC7GCACGTCCATGCGTCTACCT 
flhvhast. 
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Enzyme Immobilization 



30 

Purification of a-AE: 

Prior to immobilization a-amidating enzyme was purified via weak-anion-exchange and gel filtration 
chromatography (Example 4). In some cases the enzyme preparation may be further purified using either 
a immunoaffintty chromatography or phenyl sepharose chromatography. The subsequent immobilization 
procedure is independent of the punfication procedure: routinely however, the specific activity should be at 
least 25mll and preferably 50mU or higher. 



40 Immobilization of a-AE: 

The immobilization technology for the a-amidating enzyme may be based upon the simultaneous 
reaction of three components, the enzyme, a water soluble copolymer of acryiarmde (PAN) and a low 
molecular weight cross-linking reagent (TET). The preformed polymer (PAN) consists of acryiam«de and N- 

45 acryloxysuccinimide which is polymenzed in THF solution using thermal initiation w»th azobis 
(isobutyronitrile). The cross-linking reagent may be a.urdiamine. triethylenetetramine. (TET) cystamme. me 
reaction of the diamine with the active ester groups of PAN crosslinks the polymer chains via an am.de 
linkage and forms an insoluble gel. The ammo functions of the enzyme (preferably the i-am.no group of 
lysine) at the same time react with residual active esters on the gel and form stable covalent am.de 

so linkages. The immobilization procedure is performed in the presence of substrate and cofactors. The 
presence of a high affinity substrate and cofactors at concentrations greater than K m .nhibit reactions^ 
between PAN active esters and nucleophilic groups at or near the catalytic site of the enz?We,thus 
protecting the enzyme from chemical inactivation. 

55 
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immooilizaoon Conditions: 

Partially purified cr-AE is solubiiizeo in 30mM HEPES buffer pH 7.0. The ratio of PAN and TET are 
established such that 15% of the active esters are left unreacted wmcn serve as the binding sites for the a- 

s amidating enzyme. The standard PAN solution is 20% (w/w>. The a-amidating enzyme reaction mixture 
consists of Q.2uM CuSO*. 40uM dansyl His-Phe-GIy and lOmM ascordate and 0.5-2.0 mg a-AE'gram PAN. 
The TET concentration is calculated to equal 0.85 eauivaients of primary amine/eauivaient of active ester. 
Routinely to determine optimum conditions, a reaction without enzyme is run to establish gel time, that is 
the duration of time following addition of TET required to attain gel formation. The optimum yields for 

io immobilization of a-amidating enzyme are obtained when addition of the enzyme is moved closer to the gel 
point The general rule is the shorter the time the enzyme is exposed to PAN before gel formation the 
higher the yield of active immobilized enzyme. For most reactions o-AE (-2.0 mg/gram of PAN) is added 
45-60 seconds after TET. The enzyme-containing gel is allowed to stand at room temperature for 

- approximately one hour to allow the coupling reaction to go to completion. Following 60 minutes the gel is 

15 ground with a mortar and pestle yielding fragments averaging I00u in size. These panicles are washed with 
ammonium sulfate to remove unbound reactants and to convert residual active ester groups to amides 
thereby capping the reactive groups. The yield of active a-amidating enzyme following immobilization is 
expected to be less than 60%. The washes following immobilization may contain 30 to 40% of the starting 
activity. The a-amidating enzyme can be recovered from the wasnes oy increasing the ammonium sulfate 

20 concentration to 45% whicft results in precipitation of active o-amidating enzyme. 

The immobilized gel particles are appropnate for oaten a-amidanon reaction where particles are keot in 
suspension with a mechanical stirrer. After the enzymatic reaction is comoiete the particles are allowed to 
settle and the supernatant containing the amidated peptide product is aecanted. This procedure is not 
optimal for larger scale reactions. The enzyme containing gel particles are not ngia enough to pacx into a 

25 column and obtain reasonable flow rates. To circumvent this problem two alternative aoproacnes are 
possible: 

1. The gel is allowed to polymenze in the presence of glass beaas: typically, one minute before gei 
point glass beads are added to the reaction mixture and stirred with a mechanical stirrer until the beaas are 
covered with a layer of PAN solution. The flow characteristics of mis composite matenal are mucn Detter 

3Q than those of the gel particles alone. 

2. Alternatively the PAN particles are mixed with the filtration aid Celite 545. Typically a mixture of 
PAN and Celite is prepared with PAN constituting less than 3% w/w (dry weight) of the mixture. To 
generate this type of column the gel particles are suspenaed in 50mM Tris:HCl pH 7.0 and with constant 
stirring the Celite 545 is added and allowed to mix for two hours. A column is packed with this slurry (3 x 40 

as cm) and the column temperature maintained at 37* C to facilitate the amidation reaction. Using this 
approach a flow rate of 8-10 litersrday is maintained. 

An attractive alternative to column chromatography is the use of a tangential flow system. The PAN 
polymer prior to gel point is poured over a sheet of poiysuifone 0.45am pore support. Following gel 

40 formation the sheets can be cut to fit Miliipore or New Brunswick tangential flow ultra filtration units. In this 
design the composite sheets of polysulfone-PAN immobilized enzyme gei are stacked in layers yielding a 
tremendous increase in surface area. This approach can be directly scaled up to flow rates approacning 
liters per minute. This type of system also provides a convenient metnoa of recycling the reaction mixture 
to maximize the amidation of the peptide substrate. 

45 The advantages afforded by immobilizing the a-amidating enzyme .nclude recovery and reuse of the 
enzyme. Secondly, the immobilized matnx increases enzyme stability and provides a working form of the 
enzyme capable of large scale amidation reactions (gram to kg quantities of substrate) over extended 
periods of time. 
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55 Preparation of Immunoaffinity Column for Purification of impure Aipha-Amidating Enzyme Compositions 
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A. Immobilization Procedure : 

The immobilization matrix usea was cyanogen bromide-activated Sepharose 48 (Pharmacia). The dry 
gel was first washed with imM HC! (200 mi/gram resin) to swell and wasn the solid support. Aoproximately 

5 40 mg of purified polyclonal antiboay purified from cnicxen egg yolks was diaiyzed against lOOmM 
NaHCOs pH 8.3 containing 0.5M NaCi. Couoiing was performed using 3 ml of the previously swollen and 
washed solid support. The reaction was performed for three hours at room temperature in lOOmM sodium 
bicarbonate buffer pH 8.3 containing 500mM NaCI which was included to reduce nonspecific binding of 
protein to the solid support. The remaining active groups of the gel were blocked using 0.2M glycine. 

ia Following the blocking step the gel was wasned four to five times using a cycle of high and low pH buffers 
(high pH buffer lOOmM NaHCOa PH 8.3 + SOOmM NaCI, low PH buffer lOOmM acetate pH 4.0 ♦ SOOmM 
NaCI). These washing steps removed any unbound protein and blocking reagent (glycine) from the resin. 
The immunoaffinity resin was stored at 4* C in a basic pH buffer containing merthiolate as a bacteriostatic 
agent. All subsequent immunoaffinity chromatography is performed at 4*C. A similar method can be used 

is to immobilize purified monoclonal antibodies. 



B. Immunoaffinity Chromatography: 

20 The immunoaffinity column is used as an alternative high efficiency step in the purification of a-AE. 
Tissue culture media from CA-77 ceils (see Example 4) is diluted with distilled water and pumped through a 
DEAE anion-exchange canndge previously equilibrated with 20mM Bis Tris-HCl pH 6.0. The a-amidatmg 
enzyme is eluted from the cartridge with SOmM Tris:HCI pH 7.0 containing SOOmM NaCI. The fractions 
containing orAE activity are either diaiyzed vs. Tris:HCI pH 7.0 buffer or purified further using gel filtration 

25 chromatography (Example 4) pnor to immunoaffinity chromatography. Samples containing a-AE are passed 
over the immunoadsorption column at neutral pH. The antibodies will specifically bind o-amidating enzyme 
while contaminating proteins will not be bound and are removed in the eluant. The <*-AE activity may be 
eluted from the column using lOOmM glycine:HCI buffer pH 3.0. (other desorption agents including urea, 
dioxane. ethylene glycol, and Nai may be used). The fractions are collected into i.OM Tris:HCI oH 7.0 to 

30 neutralize the buffer system thereoy preserving o-AE activity. 



Claims 

35 1. An enzymatic composition compnsing at least one aipha-amidating enzyme caoadle of catalyzing, in 
the presence of oxygen and a reducing agent, the conversion of a peptidyl compound having a glycine 
residue at least at the C-terminus of its peptide chain to a corresponding peptidyl amide compound having 
an ammo group «n place of said C-termmai glycine, said enzymatic composition being sufficiently pure «n 
aipha-amidating enzymes to exhibit a specific activity of at least about 25mU per mg of protein present in 

40 said enzymatic composition, and said enzymatic composition being sufficiently free of proteolytic activity 
capable of degrading at least one entity selected from the grouo consisting of said peptidyl compound, said 
corresponding peptidyl amide and said aipha-amidating enzymes, to allow said composition to catalyze said 
conversion when said peptidyl compound compnses L*ammo acids. 

2. A homogeneous purified enzyme preparation containing peptidyl-glycine-alpha-amidatmg monoox* 

<5 ygenase and capable of catalyzing the conversion of a peptidyl compound having a glycine residue at least 
at the C-terminus of the peptide chain to a corresponding peptidyl amide having an amino grouo in place of 
said C-terminal glycine, said peptidyl compound purified from natural sources or produced by recombinant 
DNA techniques, said preparation having a specific enzyme activity of at least 25 mU/mg protein present m 
said preparation, and said purified enzyme product being sufficiently free of proteolytic activity caoable of 

so degrading at least one entity selected from the group consisting of said peptidyl compound, said 
corresponding peptidyl amide, and said aipha-amidating enzymes, to allow said composition to catalyze 
said conversion when said peptidyl compound compnses L-ammo acids. 

3 . A method for purifying at least one aipha-amidating enzyme capable of catalyzing, in the presence 
of oxygen and a reducing agent, the conversion of a peptidyl compound having a glycine residue at least at 

55 its C-terminus to a corresponding peptidyl amide having an amino group in place of said C-termmal glycine, 
which method comprises the steps of subjecting a composition containing said aipha-amidating enzyme to 
both size exclusion chromatograpny capable of separating a protein species having an apparent molecular 
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weignt of aoout 58.000 daitons to about 67.000 daitons ana strong anion exchange cnromatograony using 
an anion excnange resin caoaote of binding said aipna-amiaating enzyme, and eluting aiona-amidating 
enzyme with a salt solution. 

4 . A method for efficient preparation of an alpha-amida: enzymatic composition compnsmg me 

5 steps of collecting at least one impure aloha-amidating enzv a from a natural or recombinant source, 
subjecting said impure enzyme to both size exclusion chrorr biography caoadle of separating a protein 
speoes having an aoparent molecular weight between about 58.000 daitons ana about 67.000 daitons and 
anion exchange chromatography using an anion exchange resin capable of binding said enzyme, wherein 
aipha-amidating enzyme is eluted from said anion exchange resin with a salt solution having a concentration 

w exceeding 250mM, wherein said eluted enzyme is sufficiently pure to exhibit a specific activity of at least 
about 25mU/mg protein present in said composition. 

5. A method for producing an aipha-amidated peptidyl product comprising the steps of providing the 
enzymatic composition of claim 1. and reacting a peptidyl compound having a glycine residue at least at 
the C-terminus of a peptide chain, in the presence of an enzymaticaily effective amount of said composition 

75 for a time sufficient to convert said peptidyl compound to a corresponding peptidyl amide having an amino 
grouo in place of said C-terminal glycine. 

6. A method for the production of calcitonin, compnsmg the steps of providing a substrate containing an 
amino acid sequence corresponding to the amino acid sequence of at least one calcitonin species, said 
substrate sequence having a glycine residue at its carooxyl terminal, and then reacting said substrate m the 

20 presence of an aipha-amidating enzymatic composition having at least one alpha-amidating enzyme 
capafiie of catalyzing, in the presence of oxygen and a reducing agent, the conversion of a oeotidyl 
compound having a glycine residue at least at its C-terminus to a corresponding peptidyl-amide having an 
amino group in place of said C-termmal glycine, wherein said enzymatic composition is sufficiently pure in 
alpha-amidating enzymes to exhibit a specific activity of at least about 25mU per mg of protein present in 

25 said enzymatic composition. 

7. A method for the production of growth hormone releasing factor comprising the steps of providing a 
substrate containing an amino acid sequence corresponding to the amino acid sequence of at least one 
growth hormone releasing factor species, said substrate sequence having a glycine residue at at least its 
carboxyl terminal, and then reacting said substrate in the presence of an alpha-amidating enzymanc 

30 composition having at least one alpha-amidating enzyme capable of catalyzing, in the presence of oxygen 
and a reducing agent, the conversion of a peptidyl compound having a glycine residue at least at its C- 
terminus to a corresponding peptidyl-amide wherein an amino group appears in place of said C-termmai 
glycine, wherein said enzymatic composition is sufficiently pure in alpha-amidating enzymes to exhibit a 
specific activity of at least about 25mU per mg of protein present in said enzymatic composition. 

M 8. A method for the production of calcitonin gene-related peotide comprising the steps of providing a 
substrate containing an amino acid sequence corresponding to the amino acid sequence of at least one 
calcitonin generated peptide species, said substrate sequence having a glycine residue at its carboxyl 
terminal, and then reacting said substrate in the presence of an alpha-am.dating enzymatic composition 
having at least one alpha-amidating enzyme capable of catalyzing, in the presence of oxygen and a 

40 reducing agent the conversion of a peptidyl compound having a glycine residue at least at its C-terminus to 
a corresponding peptidyi-amide having an amino group in place of said C-terminai glycine, wherein said 
enzymatic composition is sufficiently pure in alpha-amidating enzymes to exhibit a specific activity of at 
least about 25mU per mg of protein present in said enzymatic composition (as measured by present in said 
enzymatic composition. . 

4S 9 A method for the production of alpha-amidating enzyme compositions comprising tne steps oi 
providing a DNA sequence capable of coding for an alpha-am.dating enzyme, ligating said ONA seouence 
into an expression vector, inducing transformation of said expression vector into a host ceil caoable ot 
expressing said DNA sequence, and preferentially selecting host ceils having and expressing said DNA 
sequence. 

so 10. A genetically engineered microorganism comonsing at least one preferentially selected host ceil 
preoared in accordance with'the method of claim 9. «,*„ n 
1 1 An immobilized alpha-amidating enzymatic composition comprising at least one alpha-amioanng 
enzyme species capable of catalyzing, in the presence of oxygen and a reducing agent, the conversion of a 
peptidyl compound having a glycine residue at least at the carboxyl terminal of a pept.de chain, to a 

55 corresponding peptidyl am.de compound having an amino group in place of said C-tenronal glycine, saw 
enzyme species being bound by covalent bonding directly or indirectly to a support having sufficient ng.dity 
either alone or in combination with other matenals to wtthstand continuous flow of a giyane^xtenoeo 
peptidyl substrate for over 24 hours without suostantial loss of alpha-amidating activity, wherein saw 
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composraon is sufficiently pure in alpha-am.dating enzymes to exhibit a specific activity of at least about 
2SmU oer mg of protein present in said composition and wherein said compos.tion is sufficiently free ot 
proteolytic activity capable of degrading at least one entity selected from the group cons.st.ng of a 
suostrate compound, a corresponding peptidyl am.de product, and alpha-amidating enzymes, to allow said 
s composition to catalyze an alpha-amidating reaction when said peptidyl compound compnses u-am.no 

An immunoaffinity column for purification of impure samples of aipha-amidating enzyme, said 
column naving immunoaffinity resin comprising an immobilization matrix which is not soluble .n apueous 
solution and is not degradabte by action of alpha-amidating enzyme, glycine extended peptidyl compounds, 
m or corresponding peptidyl amides, said matrix having functional groups capable of binding proteins, wherein 
said groups are ccvalently bound to antibodies of monoclonal or polyclonal ongin which selectively oma 
alpha-amidating enzyme. 
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AMINO ACID COMPOSITION OP SYNTHETIC & RECOMBINANT 
HUMAN CALCITONIN (hCAT) 

Amino Recombinant Recombinant Synthetic Residues Prom 



Acid 


hCT-Gly,, 


hCT 


hCT 


Sequel 


ASX 


2-78 


2.96 


3.01 


3 


/"T V 

GU 


£ m ±Z 


2 OS 

6 . WO 


2 03 


2 


SER 


1.03 


0.80 


0.78 




GLY 


4.97 


4.11 


4.18 




HIS 


0.97 


0.99 


1.06 




ARG 


0.00 


0.00 


0.00 


0 


THR 


4.52 


4.82 


4.67 


5 


ALA 


2.07 


2.08 


2.05 


2 


PRO 


2.03 


2.11 


2.07 


2 


TYR 


0.93 


0.98 


0.96 


1 


VAL 


1.09 


1.06 


1.03 


1 


MET 


1.00 


0.99 


0.98 


1 


CYS 


1.58 


1.82 


1.78 


2 


I LB 


1.01 


1.02 


1.01 


1 


LEU 


2.15 


2.13 


2.10 


2 


PHE 


2.92 


3.00 


3.07 


3 


LYS 


1.03 


0.99 


1.00 


1 


TOP 


N.O. 


N.O. 


N.O. 


0 
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Samples (100-500 pMOL) were hydrolyzed with constant boiling 
HC1 at 150 *C for 1 hr. Tryptophan content was not determined 
(N.D.). 



BIOASSAY 



SYNTHETIC hCT 



RECOMBINANT hCT 



ASSAY SYSTEM 
HYPOCALCEMIC EFFECT IN RATS 



NO SIGNIFICANT DIFFERENCE 
IN BIOLOGICAL POTENCY 
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